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This is a Special Report of the Great Lakes Research Advisory Board to
the International Joint Commission in response to the Commission's request
for further advice on the scope and implications of the ecosystem approach
in problem identification, research and management in the Great Lakes Basin
advocated by the Board in its 1977 Annual Report.
This ecosystem approach is based on a man-in—a-system concept rather
than on the system—external—to—man concept inherent in the 1972 Great Lakes
Water Quality Agreement. Incorporation of this approach within the advisory
and management functions of the Commission and Parties, respectively, necessi—
tates political recognition of the Great Lakes Basin as an Ecosystem
composed of the interacting elements of water, air, land and living organisms,
including man, within the Basin. It further necessitates explicit recognition
of exchange of materials such as atmospheric pollutants into and out of the
Basin, in biospheric perspective. The ecosystem approach provides the philo-
sophic basis for a view of man as part of nature. It directs the efforts of
the Parties and the Commission toward treatment of the patient (the Ecosystem)
rather than the symptoms or disease. It relates the biological and technologi—
cal activities of man to the carrying capacity of the Ecosystem, linking the
human body to the biosphere.
Over the past 70 years many innovative steps have been taken by the
Parties, the State and Provincial Governments and the Commission in dealing
with international and environmental interests and responsibilities in the
Great Lakes Basin. These include the Boundary Waters Treaty of 1909 and the
Great Lakes Water Quality Agreement of 1972, new environmental legislation,
dialogue on the mutual benefits to water quality and fishery programs of
coordinated efforts on Great Lakes surveillance; research relating environ—
mental quality to human health; and the implications of land—use activities
in relation to other parts of the Great Lakes Basin Ecosystem. These steps,
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RECOMMENDATIONS
RECOGNIZING that many of the Commission's boards, reference groups,
committees and task forces have focussed on aspects of Great Lakes Basin
problems other than water quality, including human health;
AND that the significance of ecosystem quality and integrity is
implicit in many of the directives and activities of the Parties, the State
and Provincial Governments, and the Commission;
AND believing that it is the intent of the Parties, as expressed in
the Boundary Waters Treaty of 1909 and the Water Quality Agreement of 1972,
to protect and enhance the Great Lakes Basin Ecosystem as defined in this
Report;
éﬂQ_knowing that the individual programs and activities of the
Parties, the State and Provincial Governments, and the Commission are exten—
sive, but collectively fail to provide the integrated management of an
ecosystem approach;
The Great Lakes Research Advisory Board recommends to the Inter—
national Joint Commission:
1. that the Parties and the Commission explicitly recognize as policy
the need for an ecosystem approach to problem identification,
research and management in the Great Lakes Basin;
2. that the Parties extend or amend the Boundary Waters Treaty of 1909
and the Great Lakes Water Quality Agreement of 1972 in accordance
with the philosophy of the ecosystem approach outlined in this
Report;
viii
 that the Parties, the State and Provincial Governments, the
Commission, and the people of the Great Lakes Basin demonstrate
by example their ability to apply the ecosystem approach to one
or more transboundary problems of common and current concern;
that the Parties articulate specific goals and desired uses of the
Great Lakes invoking, if necessary, the power of decision that can
be given to the Commission under Article X of the Boundary Waters
Treaty of 1909, so that more direct efforts can be formulated to
reach these expectations.
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BACKGROUND
An ecosystem approach to transboundary problems in the Great Lakes
Basin was advocated by the Research Advisory Board in its Annual Report to
the International Joint Commission in July 1977. The introductory paragraph
stated the issue as follows (1):
"Within the 1972 Great Lakes Water Quality Agreement
the Governments of Canada and the United States agreed
to develop and implement programs and other measures to
restore and enhance the water quality in the Great Lakes
System. Extensive surveillance programs have been under-
taken since to evaluate the progress of the Agreement.
These programs have stressed predominantly chemical and
physical water quality parameters. Planning and manage—
ment of such a priceless resource as the Great Lakes
requires more than a knowledge of the chemical and physi—
cal water quality; it requires an understanding of the
total ecosystem and the diverse interactions which occur
within its chemical, physical, biological and societal
components. Although water quality is a part of such
an understanding, by itself it can be misleading and
can hinder us from achieving the full understanding
required for effective management and restoration of
the lakes."
In presenting this opinion to the Commission the Board made it clear
that this was not a play on words, that it was speaking of ecosystem in
the context of man—in—a—system, rather than of a system-external—to—man;
also
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long—term management of the Great Lakes, by placing
it in a wider context and providing a framework for
assessing the real impact and significance of changes
within the Great Lakes System. Such an approach should
for the present at least be considered as complementary
to, rather than replacing, efforts to address specific
problems such as phosphorus and toxic substances on the
basis of water quality objectives."
Finally, in a letter dated March 17, 1978, (See Appendix) the Commission
advised the Co-Chairman of the Research Advisory Board:
"In further consideration of the ecosystem concept, the
Commission wishes to assess the scope and implications of
such an approach before making specific recommendations
to Governments. The Commission understands that the Board
has also given this matter further consideration and plans
to submit a more detailed analysis of the concept and means
of implementing it. In preparing such an analysis, the
Commission requests the Board to assess and advise on
(i) any difficulties involved in melding the ecosystem and
water quality objective approaches, (ii) practical means of
implementing the combined concept and (iii) research needs
and whether such needs relate to data, management techniques,
or other aspects."
This Report responds to the Commission's request.
THE ECOSYSTEM APPROACH
The human body, ecosystems and the biosphere are all groupings of
parts linked together through survival and evolution of the whole. Based
on the ecosystem link between the human body and the biosphere, a case can
be made for viewing the Commission and its institutions as an international
diagnostic and prescriptive service to the Parties for transboundary
influences on ecosystem health.
To suggest in such a context that a water quality approach is adequate
for the diagnosis, prevention and cure of transboundary problems in the
Great Lakes Basin Ecosystem would be like asserting that "blood analysis"
is an adequate diagnostic tool for the maintenanCe of human health and
diagnosis of illness. To be sure, blood analysis is a necessary tool, and
often crucial in medical diagnosis, but it does not by itself provide
accurate information on the variety of illnesses or injuries which may
occur, nor does it adequately reflect the entry of poisons through organs
such as the lungs or gut, until too late.
The ecosystem approach advocated here includes the concept of carrying
capacity, the notion that there are limits in ecosystems to the abundance
and activity of particular species at particular times and locations. It
also includes the concept of man as a species with internal (biological)
and external (technological) components of mass and metabolism. Jointly
considered, these imply ecosystem and biospheric constraints to growth of
population and technology.
An ecological system or ecosystem* is any unit of nature in which
living organisms and nonliving substances interact, with an exchange of
materials between the living and nonliving parts (4). "Ecosystem" is a
flexible term. It can be used to refer to a water body, a unit of land
with plants and surrounding air, a river basin, a balanced aquarium or, in
the extreme, the entire biosphere. The boundaries of ecosystems are
arbitrarily defined, typically on the basis of operational convenience in
measuring the transport of chemicals and energy into and out of the system.
The utility of the concept lies in its accent on the inseparable interrela—
tionship among living organisms, and between organisms and their abiotic
environment. There is nothing in the ecosystem concept that inherently
includes or excludes man. It is simply a matter of definition whether man
is in (as here) or out (as in a lake or ocean).
In terms of the interests and obligations of the Parties and the
Commission under the Boundary Waters Treaty of 1909 and the Great Lakes
Water Quality Agreement of 1972, the Great Lakes Basin is an Ecosystem
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n o
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n t
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.
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n g
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pon
ent
s o
f t
he
Eco
sys
tem
to
one
ano
the
r
(ec
osy
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m p
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c p
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The
exa
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ati
on
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in
as
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tem
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sim
ul-
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eou
sly
rel
ati
ng
eve
nts
wit
hin
the
Eco
sys
tem
to
tho
se
in
sur
rou
ndi
ng
areas in biospheric perspective, constitutes an ecosystem approach.
*A
ful
ler
acc
oun
t o
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sys
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, b
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phe
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car
ryi
ng
cap
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en
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epo
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s s
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e t
o t
he
sec
tio
n o
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Exa
mpl
es
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ng
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sys
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and Water Quality Approaches."
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The
uti
lit
y o
f g
eog
rap
hic
all
y d
esi
gna
tin
g a
n e
cos
yst
em,
suc
h a
s t
he
Eco
sys
tem
, i
s i
llu
str
ate
d b
y t
he
rel
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e o
f n
utr
ien
ts
fro
m s
edi
men
ts
in
the
cent
ral
basi
n of
Lake
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r co
ndit
ions
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xyge
n de
plet
ion.
An u
nkno
wn,
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appr
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ble
frac
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he n
utri
ents
rele
ased
from
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e se
dime
nts
unde
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ndit
ions
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xyge
n de
plet
ion
is d
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prev
ious
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ge t
reat
—
ment
plan
t ef
flue
nts
and
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n—ma
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ourc
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rmer
time
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y p
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pre
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rie
nts
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and
che
mic
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in
sed
ime
nts
, a
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usu
all
y c
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ide
red
out
sid
e o
f t
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sys
tem
of
int
ere
st.
In
an
Eco
sys
tem
per
spe
cti
ve,
the
sou
rce
s
of
the
che
mic
als
and
sur
fac
e s
edi
men
ts
are
in
the
sys
tem
and
hav
e t
o b
e
reckoned with, often over very long times.
Th
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di
st
in
ct
io
n
of
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st
em
bo
un
da
ri
es
is
im
po
rt
an
t.
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is
en
ti
re
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con
cei
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t
nut
rie
nt
tra
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ort
fro
m
sed
ime
nt
to
wat
er
in
Lak
e
Eri
e
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ul
d
re
nd
er
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ct
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e
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ad
eq
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te
th
e
pr
es
en
t
tr
ea
tm
en
t
te
ch
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lo
gy
bei
ng
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in
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in
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sph
ate
rem
ova
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Lak
e
Tru
mme
n,
a s
mal
l
sh
al
lo
w
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ke
in
so
ut
he
rn
Sw
ed
en
,
is
a
ca
se
in
po
in
t
(5)
.
As
a
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su
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dec
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s
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fro
m m
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and
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l
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tes
,
wat
er
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y
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ted
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e
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for
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er
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y
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d
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c
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r
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os
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for
environmental planning and management.
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ra
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os
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it
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r
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os
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ra
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In
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t
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os
ys
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d
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at
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ra
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at
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at
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t.
SOME GENERALITIES
In
re
sp
on
di
ng
he
re
to
th
e
Co
mm
is
si
on
's
re
qu
es
t
fo
r
mo
re
de
ta
il
ed
in
fo
rm
at
io
n
on
th
e
sc
op
e
an
d
im
pl
ic
at
io
ns
of
an
ec
os
ys
te
m
ap
pr
oa
ch
,
th
e
Bo
ar
d
as
se
rt
s,
wi
th
ou
t
qu
al
if
ic
at
io
n,
th
at
th
er
e
is
no
in
he
re
nt
di
ff
ic
ul
ty
in
ac
co
mm
od
at
in
g
th
e
pr
es
en
t
"w
at
er
qu
al
it
y
ob
je
ct
iv
es
"
ap
pr
oa
ch
wi
th
in
a
br
oa
de
r
ec
os
ys
te
m
ap
pr
oa
ch
.
In
no
wa
y
do
es
th
e
ad
op
ti
on
of
an
ec
os
ys
te
m
ap
pr
oa
ch
th
re
at
en
or
in
va
li
da
te
th
e
pr
es
en
t
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
ap
pr
oa
ch
.
On
th
e
co
nt
ra
ry
,
th
e
Bo
ar
d
is
co
nv
in
ce
d
th
at
th
e
ec
os
ys
te
m
ap
pr
oa
ch
it
ad
vo
ca
te
s
pr
ov
id
es
th
e
ne
ce
ss
ar
y
ba
si
s
fo
r
th
e
re
st
or
at
io
n
an
d
  
 en
ha
nc
em
en
t
in
pe
rp
et
ui
ty
,
of
th
e
qu
al
it
y
of
bo
un
da
ry
wa
te
rs
.
In
fa
ct
,
pr
ol
on
ga
ti
on
of
th
e
na
rr
ow
fo
cu
s
on
wa
te
r
an
d
th
e
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
ap
pr
oa
ch
in
he
re
nt
in
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
of
19
72
co
ul
d,
if
co
nt
in
ue
d
be
yo
nd
it
s
us
ef
ul
ti
me
,
je
op
ar
di
ze
th
e
su
bs
ta
nt
ia
l
ga
in
s
ma
de
to date.
Th
e
Co
mm
is
si
on
sh
ou
ld
be
fu
ll
y
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ar
e
of
th
e
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ta
nt
iv
e
na
tu
re
of
th
e
su
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ec
t
un
de
r
di
sc
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si
on
.
It
is
no
t
a
su
bs
ti
tu
ti
on
of
si
mi
la
r
wo
rd
s.
Ad
op
ti
on
of
an
ec
os
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te
m
ap
pr
oa
ch
in
th
e
Gr
ea
t
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ke
s
Ba
si
n
ca
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s
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r
in
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—
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at
io
n,
an
d
th
us
re
st
ru
ct
ur
in
g,
of
th
e
co
nc
ep
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an
d
the
pr
og
ra
ms
of
th
e
Pa
rt
ie
s,
th
e
St
at
e
an
d
Pr
ov
in
ci
al
Go
ve
rn
me
nt
s
an
d
th
e
Co
mm
is
si
on
.
In
te
rm
s
of
ma
na
ge
me
nt
pr
ac
ti
ce
s
it
de
ma
nd
s
a
co
nc
ep
tu
al
tr
an
sf
or
ma
ti
on
fr
om
on
e
mi
nd
—s
et
to
an
ot
he
r,
so
me
th
in
g
no
t
ea
si
ly
ac
hi
ev
ed
wi
th
ou
t
an
at
te
nd
an
t
ed
uc
at
io
na
l
pr
oc
es
s.
Th
is
ev
ol
ut
io
n
is
lo
ng
ov
er
du
e
in
th
e
Bo
ar
d'
s
op
in
io
n.
Pa
st
ex
pe
ri
en
ce
su
gg
es
ts
th
at
it
ca
nn
ot
co
me
ab
ou
t
in
pi
ec
em
ea
l
fa
sh
io
n
it
mu
st
be
gr
as
pe
d
as
a
wh
ol
e.
Th
e
Co
mm
is
si
on
sh
ou
ld
al
so
be
aw
ar
e
th
at
,
whi
le
thi
s d
isc
uss
ion
is
lim
ite
d
to
the
Gre
at
Lak
es
Bas
in,
it
per
tai
ns
to
a
wid
er
geo
gra
phi
c
dom
ain
and
to
bot
h m
ana
gem
ent
and
adv
iso
ry
rol
es.
We
beg
in
wit
h
som
e
exa
mpl
es
of
the
dif
fer
enc
e
bet
wee
n
the
cur
ren
t
and
pro
pos
ed
app
roa
che
s,
ill
ust
rat
ing
the
imp
ort
anc
e o
f t
he
con
cep
t o
f "
man
—
' H
in.
EXA
MPL
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CON
TRA
STI
NG
ECO
SYS
TEM
AND
WAT
ER
QUA
LIT
Y A
PPR
OAC
HES
The
pri
me
que
sti
on
whi
ch
thi
s R
epo
rt
add
res
ses
is:
Doe
s t
he
wat
er
qua
lit
y a
ppr
oac
h,
hig
hli
ght
ed
in
the
tit
le
of
the
Gre
at
Lak
es
Wat
er
Qua
lit
y
Agre
emen
t of
1972
, pr
ovid
e an
adeq
uate
foun
dati
on f
or e
nsur
ing
the
righ
ts
and
obli
gati
ons
of t
he P
arti
es
in r
espe
ct t
o tr
ansb
ound
ary
inju
ry t
o he
alth
and
prop
erty
.
The
simp
le a
nswe
r is
that
it d
oes
not,
exce
pt i
n a
cura
tive
,
rather than preventative manner; i.e. too late.
Virtually all transboundary problems originate on land from human
activities, driven by the intertwined forces of increasing population
growth and rising per capita consumption of resources. These driving
forc
es,
whic
h ar
e pr
imar
y st
ress
ors
on t
he E
cosy
stem
, ar
e "o
ff l
imit
s" t
o
disc
ussi
on i
n a
wate
r qu
alit
y ap
proa
ch b
ecau
se m
an i
s ex
tern
al.
Yet,
to
speak of "water quality management" without reference to these stressor
func
tion
s is
like
aski
ng h
ow a
ir q
uali
ty c
an b
e ma
inta
ined
or i
mpro
ved
in a
room with increasing numbers of smokers. It can be done; but, without
attention to forces increasing the density of smokers a solution to the
smoke problem merely encourages other problems to be expressed.
The following examples illustrate a number of ways in which the Parties
and the Commission can benefit from adoption of an ecosystem approach in
the Great Lakes Basin. Collectively, they say: man does not need to do
this to himself.
ACID RAIN
Acid rain is caused by the addition of sulfur oxides, and to a lesser
extent nitrogen oxides, to the atmosphere from human activities. The
 sources are primarily associated with the burning of fossil fuels and
industrial processing. Sulfur oxides react with water in the atmosphere or
on falling to the earth to produce sulfuric acid, a corrosive agent that
attacks lung tissue, corrodes metals, building materials, paints, etc., and
results in the acidification of poorly buffered waters, i.e. those with
weak resistance to the introduction of acids or bases. The severity of the
problem has lessened during the past decade as a result of improved controls.
On the other hand, the use of taller smokestacks has permitted increased
quantities to be distributed more widely at lower concentrations, thus
leading to geographic dispersion and displacement of the problem.
Acid
rain
as a
cont
inen
tal
phen
omen
on w
as
firs
t no
ted
in E
urop
e, w
here
atmo
sphe
ric
tran
spor
t of
sulf
ur
oxid
esfr
om t
he R
uhr
Vall
ey i
n th
e Fe
dera
l
Rep
ubl
ic
of
Ger
man
y a
nd
the
Man
che
ste
r r
egi
on
of
the
Uni
ted
Kin
gdo
m t
o
sout
hern
Swed
en a
nd N
orwa
y co
ntri
bute
d to
vari
Ous
dama
ges
incl
udin
g ac
idif
i-
cat
ion
of
poo
rly
buf
fer
ed
wat
ers
wit
h d
ele
ter
iou
s e
ffe
cts
on
fis
h p
opu
lat
ion
s.
 
Att
ent
ion
is
now
bei
ng
foc
uss
ed
on
the
sam
e p
rob
lem
of
lon
g—r
ang
e
tra
nsp
ort
of
atm
osp
her
ic
pol
lut
ant
s,
inc
lud
ing
sul
fur
oxi
des
, i
n N
ort
h
Ame
ric
a.
It
is
est
ima
ted
tha
t a
ppr
oxi
mat
ely
38
mil
lio
n t
ons
of
sul
fur
dio
xid
e a
re
cur
ren
tly
add
ed
eac
h y
ear
to
the
atm
osp
her
e a
s a
res
ult
of
hum
an
act
ivi
tie
s i
n t
he
Uni
ted
Sta
tes
and
Can
ada
(6)
.
Of
thi
s t
ota
l,
app
rox
ima
tel
y 2
4 m
ill
ion
ton
s p
er
ann
um
are
der
ive
d f
rom
sou
rce
s i
n O
nta
rio
,
Que
bec
,
the
Uni
ted
Sta
tes
Gre
at
Lak
es
sta
tes
and
the
Ohi
o
Riv
er
bas
in.
The
dep
osi
tio
n
rat
e
fro
m a
ll
sou
rce
s
ove
r
the
tot
al
are
a
of
the
Bas
in
is
est
ima
ted
to
be
abo
ut
1.8
mil
lio
n m
etr
ic
ton
s
per
ann
um,
exp
res
sed
as
sul
fat
e.
In
pre
cip
ita
tio
n,
thi
s i
s r
efe
rre
d t
o a
s a
cid
rai
n.
The
eff
ect
of
aci
d r
ain
on
bou
nda
ry
wat
ers
is
neg
lig
ibl
e b
eca
use
the
wat
ers
in
the
Gre
at
Lak
es
are
lar
ge
in
vol
ume
and
rel
ati
vel
y w
ell
buf
fer
ed.
Fo
r
th
es
e
re
as
on
s,
no
ma
jo
r
ef
fe
ct
s*
of
ac
id
ra
in
ha
ve
ev
er
be
en
de
te
ct
ed
in
an
y
bo
un
da
ry
wa
te
rs
wi
th
in
th
e
Ba
si
n,
no
r
is
it
li
ke
ly
th
at
th
ey
ev
er
wi
ll
be.
Bo
un
da
ry
wa
te
rs
in
th
e
Ba
si
n
ha
ve
be
en
pr
ov
id
in
g
a
bi
os
ph
er
ic
tr
ea
tm
en
t
se
rv
ic
e
in
ne
ut
ra
li
zi
ng
th
es
e
ac
id
ic
wa
st
es
at
no
co
st
to
ma
n.
On
th
e
ot
he
r
ha
nd
,
it
is
we
ll
kn
ow
n
th
at
tr
an
sb
ou
nd
ar
y
po
ll
ut
io
n
fr
om
su
lf
ur
ox
id
es
do
es
oc
cu
r
in
th
e
Ba
si
n
vi
a
th
e
at
mo
sp
he
re
,
an
d
th
at
co
rr
os
io
n
da
ma
ge
s
ar
e
ap
pr
ec
ia
bl
e.
Th
e
to
ta
l
da
ma
ge
du
e
to
su
lf
ur
ox
id
es
ad
de
d
to
th
e
at
mo
sp
he
re
fr
om
hu
ma
n
ac
ti
vi
ti
es
in
th
e
Un
it
ed
St
at
es
in
19
70
,
ex
cl
us
iv
e
of
da
ma
ge
s
ex
po
rt
ed
to
Ca
na
da
,
is
es
ti
ma
te
d
to
ha
ve
be
en
$6
.8
bi
ll
io
n
(7
).
Co
mp
ar
ab
le
in
te
rn
al
an
d
ex
te
rn
al
co
st
s,
co
rr
ec
te
d
fo
r
le
ss
er
po
pu
la
ti
on
,
probably applies to Canada.
Ho
w
wo
ul
d
an
ec
os
ys
te
m
ap
pr
oa
ch
ai
d
in
th
e
de
te
ct
io
n
an
d
re
so
lu
ti
on
of
th
es
e
an
d
si
mi
la
r
pr
ob
le
ms
?
In
th
e
fi
rs
t
pl
ac
e,
if
th
e
Pa
rt
ie
s
ag
re
ed
to
ac
t
jo
in
tl
y
on
th
e
ba
si
s
of
an
ec
os
ys
te
m
ap
pr
oa
ch
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trace or remove them after they have entered a moving fluid.
direct costs to human health and property would have to be evaluated both
within the Ecosystem and in biospheric perspective, because in the ecosystem
approach "man is in the system." Thirdly, international surveillance
programs could be based on more sensitive ecosystem "tissues" than boundary
waters — e.g., small, poorly buffered lakes in areas of Precambrian rocks,
which could serve as early warning signals.
Secondly,
The utility of a biospheric approach to airborne transport of pollutants
is self—evident. Transboundary effects within the Ecosystem would be
examined, including human healtheffects, metal corrosion costs, damage to
terrestrial vegetation and loss of fisheries in acidified waters. Secondary
effects would have to be considered - e.g., the possibility that acidification
might increase mercury levels in fish as a result of a shift from dimethyl
mercury to mono—methyl mercury in microbial metabolism at low pH values, or
indirectly as a consequence of reduced growth rates of fish in affected
waters. With a biospheric perspective, there would be an incentive and
obligation to take account of sulfur oxide emissions outside the Basin that
contribute to acid rain phenomena in the Basin, and export of sulfur oxides
from the Ecosystem. In planning, the consequences of possible future
shifts in energy consumption patterns would have to be considered, including
what to do in the biosphere with sulfur removed from high sulfur fuels.
This discussion indicates that extensive transboundary pollution
problems due to sulfur oxides occur in the Ecosystem, but that they have
not been, are not now, and probably never will be resolved on the basis of
major effects on the quality of boundary waters. This illustrates the
inadequacy of current institutional arrangements between the Parties. It
shows how one intent of the Boundary Waters Treaty of 1909, to prevent
injury to human health and property on the opposite side of the boundary,
is constrained by the lack of an ecosystem approach and sole focus on
boundary waters. The same applies to the Water Quality Agreement of 1972
even more forcefully.
In focussing attention on acid rain, the Board fully appreciates that
the Parties and the Commission are well aware of existing problems, trends
and future implications. The RAB is also aware that remedial actions have
been implemented to reduce emissions in both the United States and Canada.
Our
purp
ose
in d
rawi
ng a
tten
tion
to a
cid
rain
phen
omen
a is
to s
how
that
an
approach to management based on water quality objectives in boundary waters
of the Basin has little to offer in terms of diagnosis or control of the
acid rain syndrome.
ROAD SALT
The
use
of
roa
d
sal
t
sho
ws
how
a
see
min
gly
tri
via
l
mat
ter
fro
m
a w
ate
r
qua
lit
y
poi
nt
of
Vie
w
is
act
ual
ly
a s
eve
re
eco
nom
ic
pro
ble
m
vie
wed
in
an
eco
sys
tem
con
tex
t.
It
ill
ust
rat
es
how
the
con
cep
t o
f "
man
in"
can
bri
ng
returns to the pocket—book.
Ap
pr
ox
im
at
el
y
2.
8
mi
ll
io
n
me
tr
ic
to
ns
of
ro
ad
sa
lt
pe
r
an
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m
ar
e
us
ed
in
the
Bas
in.
Thi
s a
mou
nts
to
80
kil
ogr
ams
(17
5 p
oun
ds)
per
per
son
per
    
 The
annu
m fo
r ea
ch o
f th
e 37
mill
ion
men,
wome
n an
d ch
ildr
en i
n th
e Ba
sin.
conc
entr
atio
n of
chlo
ride
in L
ake
Onta
rio,
attr
ibut
able
to a
ll s
ourc
es h
as
more than tripled during the course of the 20th century from 7.5 milligrams
per liter to approximately 28 milligrams per liter. PLUARG studies indicate
that 30 to 60 percent of the current tributary chloride load to the Basin
is from salt used for road deicing.
In an article entitled, "Water Pollution and Associated Effects from
Street Salting" published in 1974, Field g£_a1. (8) stated:
"The demand that roads be safe and usable at all times,
and that June driving conditions be provided in January,
has in recent years led to the adoption of a "bare—
pavement policy by practically all highway departments
in the snow beltregion [United States]. As a result
the use of deicing salts has greatly increased and in
many cases has replaced the abrasives previously used.
This has happened even though no conclusive evidence
has been found to substantiate that salt usage makes
winter travel safe."
This last sentence causes the eyes to retrace their path in search of
some missing word to make the sentence credible. There is no missing word.
Road salt and safety are not closely related. We tend to drive at constant
risk.
Confirmatory information is given by Murray and Ernst (9) in an article
published in 1976 entitled, "An Economic Analysis of the Environmental
Impact of Highway Deicing." The authors stated: "The use of salt for
winter maintenance generally results in better traction on the highways,
but because of a number of confounding factors, especially driver behavior,
the link between salt and safety has not been proved." Murray and Ernst
estimated that the total annual cost to the snow belt states in the United
States from the use of road salt in 1973 was $2.91 billion, exclusive of
damage that could not be assigned a dollar value. They calculated that
"hidden" costs (damages to vehicles, highways, structures, utilities,
vegetation, and some of the costs to water supplies and human health) were
at least fifteen times the annual national budget for the purchase and
application of road salt, and about 6 times the entire national budget for
snow and ice removal. On this basis they showed how doubling the total
snow removal budget for a community from $123,000 to $245,000 (involving
use of less salt) resulted in a reduction of the total cost to the community
from $829,500 to $499,700 — anet saving of $329,800 per year.
How can a net saving be achieved by doubling the snow removal budget?
Because of a reduction in "hidden" costs — rusted vehicles, ruined boots,
etc. In terms of 1978 dollars these costs conservatively amount to $150—
$200 per annum per capita.
A cost in 1978 dollars of $150-$200 per year for each of 37 million
persons amounts to $5.2—$7.4 billion per year. This is equivalent to
approximately 5—10 times the annual operating and maintenance costs of
10
 modern sewage
treatment in the Basin,
including tertiary treatment for
phosphate
removal.
A
concerned
citizen
is
likely
to wonder
how we
survived
20
years
ago when
salt
usage
in
the
Basin was
a
fraction
of what
it
is now;
how,
even
now,
some
northern and western
communities manage
to get
through
the
winter
without
the
use
of
road
salt.
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June
driving
behavior
in
January
necessary
at
such
a
cost,
in
View
of
the
fact
that
we
tend
to
drive
at
constant
risk?
Is
June
driving
behavior
in
January,
5—10
times
more
important
than
sewage
treatment
in
the
opinion
of
the
Great
Lakes
Basin
community?
Over
the
long—term?
In
sickness
and
in
health?
We
now
ask what
the position
of
the Commission
relative
to transboundary
interests might be on the issue of road salt.
On the basis of a water
quality approach there is little that can be said because these "hidden"
costs lie outside the Commission's domain.
Relative to other concerns such
as organic pollution,
health hazards from waterborne diseases and toxic
chemicals such as PCBs, DDT derivatives, mirex, mercury, lead and the like,
road salt is a relatively minor water pollution problem.
This is reflected
in the fact that there are no Great Lakes water quality objectives for
sodium or chloride.
The only related objective is a recommended maximum
of 200 milligrams per liter of total dissolved solids.
The general course
of events will thus be to neglect the issue until it becomes a problem.
Who is likely to promote a reduction in the use of road salt?
Apart
from injury to roadside vegetation, government departments involved in
environmental protection will have little to say, because the way we define
"environment" does not provide these agencies with a legitimate basis on
which to examine these "hidden" costs. Owners of salt mines, distributors
of salt, and car and shoe manufacturers are likely to encourage more rather
than less use of road salt as a stimulus to "jobs and the economy."
Municipalities are unlikely to promote less use of salt because it would
probably result in higher municipal expenditures. Officials of highway
departments are unlikely to press for a decrease in salt usage in the
knowledge that they might be accused of "causing" traffic accidents thereby.
The net result is that due to a focus on water quality and environment to
the exclusion of man, we end up in a situation whereno one has a reasonable
basis for doing anything about the problem — no one, except those who pay
the "hidden" costs — i.e., everyone, individually. To change the "system,"
one actually has to fight the inertia of organizations, including those set
up to provide a service to citizens.
 
In contrast to this, in an ecosystem approach the costs of corroded
cars and ruined boots have to be taken into account because man is in the
system. The way opens up for a realization and reduction of "hidden" costs
because the costs are no longer hidden. The insistence of authorities that
salty snow fromToronto streets be dumped at upstream sites rather than at
the shore of Lake Ontario, or at so-called "sanitary landfill sites" rather
than near streams, becomes ludicrous to those with an ecosystem perspective.
The biospheric shareholder knows that once salt is removed from the mine it
is in the Ecosystem and will inevitably find its way to boundary waters
regardless of the site of deposition.
1
.
.
 
In summary, this example shows how, in adopting water quality and
environmental (man—out) approaches, we have trapped ourselves into hiding
ll
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pro
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By
the
tim
e
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Par
tie
s
and
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Com
mis
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n
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ogn
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ser
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ate
d
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and
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wat
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met
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ent
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of
modern man in the Basin would be rusted out.
CARRYING CAPACITY
In
the
sho
rt
spa
n o
f 1
70
yea
rs
hum
an
pop
ula
tio
n i
n t
he
Gre
at
Lak
es
Bas
in
has
inc
rea
sed
ove
r 1
00
time
s,
fro
m 3
00,
000
to
37
mil
lio
n n
ow.
At
the
sam
e t
ime
, t
he
pop
ula
tio
n h
as
cha
nge
d f
rom
a t
ech
nol
ogi
cal
ly
low
—ge
are
d,
dis
per
sed
pop
ula
tio
n b
ase
d o
n s
mal
l s
cal
e a
gri
cul
tur
e a
nd
dep
end
ent
on
the
sun,
whe
els
, d
ome
sti
cat
ed
ani
mal
s,
oil
lam
ps
and
sai
ls
to
a t
ech
nol
ogi
cal
ly
high
—gea
red,
urba
nize
d po
pula
tion
with
oil,
elec
tric
ligh
ts,
tele
phon
es,
rad
ios
, c
ars,
jog
gin
g s
uit
s,
col
ore
d t
ele
vis
ion
sets
, s
upe
r—h
igh
way
s,
sup
erm
ark
ets
, n
ucl
ear
pow
er
and
jet
pla
nes
. O
n a
n e
ner
gy
bas
is,
the
pop
ula
tio
n
has
cha
nge
d f
rom
a s
pec
ies
wit
h a
rat
io
of
tec
hno
log
ica
l e
ner
gy
con
sum
pti
on
to
bio
log
ica
l e
ner
gy
con
sum
pti
on
of
les
s t
han
2 t
o n
ear
ly
100.
The
con
seq
uen
ces
of
thi
s i
n t
erm
s o
f t
ota
l r
eso
urc
e c
ons
ump
tio
n w
ith
in
the
Bas
in,
inc
lud
ing
the
eff
ect
of
inc
rea
sed
hum
an
pop
ula
tio
n o
ver
the
pas
t 1
70
yea
rs,
are
as
l
to 10,000.
It
is
an
axi
om
in
eco
log
y a
nd
env
iro
nme
nta
l m
ana
gem
ent
tha
t t
her
e i
s a
carr
ying
capa
city
for
any
part
icul
ar e
nvir
onme
nt
in t
erms
of t
he n
umbe
rs,
sizes and distribution of individuals of particular species that can be
supp
orte
d un
der
a gi
ven
set
of c
ircu
msta
nces
.
This
carr
ying
capa
city
can
be c
hang
ed a
s a
resu
lt o
f ch
angi
ng e
nvir
onme
ntal
circ
umst
ance
s.
In p
rovi
ding
improved conditions for human life, for example, man has increased the
carrying capacity of the Ecosystem and the biosphere for man.
It i
s al
so w
ell
know
n th
at t
he c
arry
ing
capa
city
of a
n en
viro
nmen
t fo
r
man cannot be stated in terms of human heads alone. Man differs from other
species in the degree to which metabolism proceeds by a combination of
biological (fleshy) and technological (electronic—metallo—plastic) components.
Although we tend to think of these components as separate and independent,
we are in fact really more like dinosaurs with detachable parts. Sometimes
there is a long time lag between a cause in one part of the system and an
effect in the other. The global population explosion, for example, is a
consequence of the past creation, through technology, of improved conditions
for human life. The existence of increased population in turn has created
a demand for more and improved technology to support the resulting population.
The terms demophora, as a noun, and demophoric, as an adjective,
express this combined interaction of biological and technological components
in total human metabolism (10). The concept reminds us that the effects of
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 human population cannot be counted in human heads alone; that in terms of
associated technology our grandparents belonged to a different "species,"
that we eat petroleum and have wheels as legs; that without the current
technology for food production, medicine, transport and water supply we
would be smaller, deformed or dead.
In this perspective, the surprising thing is not that the Great Lakes
have been polluted; but that there has been so little disruption of the
Ecosystem, including man. This can be accounted for in several ways: (1)
development of improved technology for waste treatment, water supply,
heal
th,
tran
spor
t, e
tc.;
(2)
we m
ay b
e li
ving
on b
orro
wed
time
in a
non—
equi
libr
ium
situ
atio
n si
nce
most
demo
phor
ic g
rowt
h ha
s oc
curr
ed i
n th
e pa
st
20 y
ears
; a
nd (
3) w
e ar
e li
ving
on r
esou
rces
(e.g
., c
oal,
petr
oleu
m)
impo
rted
from other parts of the biosphere.
There is a need to prepare for the possibility that some time, perhaps
in t
he n
ear
futu
re,
it m
ay b
e fo
und
that
the
demo
phor
ic c
arry
ing
capa
city
of t
he E
cosy
stem
has
been
exce
eded
.
The
cent
ral
basi
n of
Lake
Erie
may
in
fact
be t
elli
ng u
s th
at n
ow.
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or p
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grow
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r ne
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ve g
rowt
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f c
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wou
ld
cre
ate
an
inc
ent
ive
for
man
age
rs
to
thi
nk
bey
ond
nar
row
ly
foc
uss
ed
objectives in isolation, such as improved water quality, fisheries, solid
waste disposal, and the like. It would help us to recognize ourselves for
what we are — prominent shareholders in the biosphere, who must take simul—
taneous account of insecticides, forests, disposable diapers, lakes and
streams, appartment buildings, oceans, duck hunting, traffic jams, fresh
air, steel mills, future generations, jobs, soil erosion, supermarkets,
lake trout and oil. Adoption of an ecosystem approach would provide a
means for ridding ourselves of the misleading and counterproductive notion
of jobs or development versus environment. It would constrain us to think
and speak of releasing pollutants in an ecosystem of which we are a part,
rather than to an environment around us.
Under the present water quality approach we establish water quality
objectives and design treatment technology to protect the most sensitive
uses of water. In our view the Water Quality Agreement of 1972 and manage-
ment by water quality objectives in the absence of an ecosystem approach
unduly constrain the Parties, the State and Provincial Governments, the
Commission and their institutions to think narrowly — rejecting approaches
that do not have a direct and immediate relation to water quality objectives.
In many cases the best decision, taking all pertinent ecosystem and biospheric
factors into account, including human health, economics, fisheries, jobs,
quality of life, ethics, future generations and other factors, may have
nothing to do with water quality objectives based on the most sensitive
use. In such cases advice based on a water quality perspective would be
misleading, piecemeal and incomplete. Have there not been enough instances
of investments to promote the use of DDT, PCBs or mirex in one part of the
Ecosystem and improved fishing for lake trout and salmon in another, with
the end result of industrial shut—downs and fish not fit to eat?
The proposed ecosystem approach would obligate the Parties, the
Commission and their institutions in the Basin to consider possible effects
of strip mining for coal in the southern Appalachians and Great Plains
region on the ability of the Parties to meet water quality objectives in
the Basin. Likewise, the effect of pollutants discharged from Basin smoke—
stacks on sensitive downwind regions outside the Basin would have to be
evaluated.
Ecosystem and biospheric accounting systems would expose the
enormous "hidden" costs inherent in harbor and channel dredging to remove
products of upstream erosion created by man; construction and maintenance
of lakeside swimming pools to replace waters polluted by man; advanced
waste treatment facilities in areas of dense population where lagoons once
sufficed; and discharge of nutrients to water rather than nutrient recycling
on land.
Other "hidden" long—term costs would be more Visible on a biospheric
accounting system: human health and economic costs from the post—1800
increase of ragweed pollen as a consequence of land disturbance; periodic
flooding of human habitations built on flood plains; crop failures due to
recurrent drought at intervals greater than 4-year political cycles; the
current wave of unemployment among persons 16—30 years of age and the now
vacant seats in primary schools.
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The need for incentives and new institutional arrangements would be
more apparent: to promote the wise use and safe development of resources,
to protect the rights of future generations, and for planning with the 50—
70 year lead time necessary to avoid massive industrial, economic and
political disruptions of an approach to limits imposed by the Ecosystem and
biosphere.
At this point, persons unfamiliar with the concepts of "ecosystem" and
"biosphere" may feel overwhelmed by the "ecosystem approach." Some managers
may regard the approach as too big a mouthful to be swallowed at once, far
too comprehensive to be achievable; that no one can ever take everything
into
acco
unt.
Othe
r ma
nage
rs i
n go
vern
ment
and
in i
ndus
try
may
be a
pt t
o
say that much of what is being asked for is already being done.
If such thoughts exist, the point has been missed. Evidence of the
need for an ecosystem approach lies not so much in what is being done, as
how
it i
s be
ing
done
.
Ever
yone
need
not
take
ever
ythi
ng e
lse
into
acco
unt.
It is only necessary for those parts of the ecosystem that are functionally
rela
ted
to t
ake
each
othe
r in
to a
ccou
nt.
In n
atur
e th
is h
appe
ns a
utom
ati—
call
y, w
ith
or w
itho
ut m
an.
In t
he E
cosy
stem
the
need
is f
or i
nteg
rati
on
and
harm
ony
of m
an w
ith
the
rest
of n
atur
e.
The
ecos
yste
m ap
proa
ch c
alls
for
no m
ore
than
the
cond
ucto
r of
a sy
mpho
ny o
rche
stra
dema
nds
of a
ssem
bled
mus
ici
ans
; t
he
dir
ect
or
of
a p
lay
, o
f a
cto
rs;
the
man
age
r o
f a
fac
tor
y o
r
bus
ine
ss,
of
wor
ker
s.
In
eac
h c
ase
the
pla
yer
s a
re
ask
ed
to
per
for
m t
hei
r
rol
es
in
har
mon
y a
cco
rdi
ng
to
pre
scr
ibe
d i
nst
ruc
tio
ns.
In
the
cas
e o
f t
he
Gre
at
Lak
es
Bas
in,
the
se
ins
tru
cti
ons
ste
m u
lti
mat
ely
fro
m t
he
Eco
sys
tem
and biosphere.
 
The
Boa
rd
is
not
und
er
the
ill
usi
on
tha
t i
mpr
ove
d a
tti
tud
es,
per
cep
tio
ns
and
beh
avi
or
wil
l a
uto
mat
ica
lly
res
ult
fro
m a
dop
tio
n
of
an
eco
sys
tem
app
roa
ch
in
the
Bas
in.
0n
the
con
tra
ry,
we
bel
iev
e
tha
t
the
fir
st
and
imm
edi
ate
nee
d
in
imp
lem
ent
ing
suc
h
an
app
roa
ch
wou
ld
be
for
int
ern
ati
ona
l
coo
rdi
nat
ion
of
exi
sti
ng
env
iro
nme
nta
l
inf
orm
ati
on/
edu
cat
ion
pro
gra
ms
at
com
mun
ity
,
re
gi
on
al
,
st
at
e
an
d
pr
ov
in
ci
al
le
ve
ls
to
pe
rm
ea
te
al
l
le
ve
ls
of
so
ci
et
y
fr
om
pr
im
ar
y
sc
ho
ol
s
to
hi
gh
le
ve
l
ex
ec
ut
iv
es
in
bu
si
ne
ss
,
in
du
st
ry
an
d
gov
ern
men
t
wit
h
the
con
cep
ts
of
"ec
osy
ste
m"
and
"bi
osp
her
e."
The
amo
unt
of
mo
ne
y
sp
en
t
on
ad
ve
rt
is
in
g
so
ft
dr
in
ks
in
th
e
Un
it
ed
St
at
es
an
d‘
Ca
na
da
(t
o
ci
te
bu
t
on
e
ex
am
pl
e)
is
of
th
e
or
de
r
of
$2
00
mi
ll
io
n
pe
r
ye
ar
(1
2)
.
In
vi
ew
of
th
e
be
ne
fi
ts
to
ci
ti
ze
ns
ar
is
in
g
fr
om
th
e
ex
po
su
re
of
"h
id
de
n"
bi
os
ph
er
ic
co
st
s,
ma
ny
of
wh
ic
h
ar
e
as
so
ci
at
ed
wi
th
wa
te
r,
it
wo
ul
d
be
re
as
on
ab
le
to
in
ve
st
so
me
ap
pr
ec
ia
bl
e
fr
ac
ti
on
of
th
is
su
m
in
im
pr
ov
in
g
pu
bl
ic
kn
ow
le
dg
e
of
th
e
co
nc
ep
ts
of
"e
co
sy
st
em
"
an
d
"b
io
sp
he
re
."
Wi
th
ou
t
a
co
nc
er
te
d
ef
fo
rt
in
th
is
di
re
ct
io
n,
on
a
co
nt
in
ui
ng
ba
si
s,
th
e
en
or
mo
us
"h
id
de
n"
co
st
s
of
pi
ec
em
ea
l
pl
an
ni
ng
an
d
ma
na
ge
me
nt
wi
ll
be
in
te
ns
if
ie
d.
In
th
e
ab
se
nc
e
of
a
bi
os
ph
er
ic
pe
rs
pe
ct
iv
e,
th
es
e
co
st
s
wi
ll
no
t
be
ig
no
re
d,
fo
r
to
be
ig
no
re
d
th
ey
mu
st
fi
rs
t
be
se
en
.
Th
ey
wi
ll
li
e
hi
dd
en
,
un
pe
rc
ei
ve
d.
Ye
t,
wh
et
he
r
or
no
t
we
se
e
th
em
,
th
ey
wi
ll
be
th
er
e
in
ex
or
ab
ly
wo
rk
in
g
ou
t
their effects.
Th
e
pr
im
ar
y
si
gn
if
ic
an
ce
of
th
e
co
nc
ep
ts
of
"e
co
sy
st
em
"
an
d
"b
io
sp
he
re
"
is
no
t
th
at
th
ey
gu
ar
an
te
e
be
ne
fi
ci
al
ch
an
ge
s
in
at
ti
tu
de
s,
pe
rc
ep
ti
on
s
an
d
be
ha
vi
or
,
bu
t
th
at
th
ey
pr
ov
id
e
th
e
es
se
nt
ia
l
co
nd
it
io
n
pe
rm
it
ti
ng
su
ch
15
 ch
an
ge
s
to
co
me
ab
ou
t.
Th
ey
re
mo
ve
th
e
ag
gr
av
at
io
n
of
co
nc
ep
ts
li
ke
"w
at
er
qu
al
it
y"
and
"e
nv
ir
on
me
nt
"
th
at
im
pl
y
"m
an
—o
ut
.”
In
adv
oca
tin
g
an
eco
sys
tem
app
roa
ch,
the
Boa
rd
in
no
way
min
imi
zes
the
nee
d f
or
pri
me
acc
ent
on
wat
er
as
a r
eso
urc
e,
or
the
imp
ort
anc
e o
f t
he
env
iro
nme
nta
l
rev
olu
tio
n
of
the
196
0's
tha
t
pav
ed
the
way
for
gov
ern
men
tal
reo
rga
niz
ati
on
in
the
Uni
ted
Sta
tes
and
Can
ada
.
The
env
iro
nme
nta
l
rev
olu
tio
n
bro
ugh
t
the
con
cep
t
of
"en
vir
onm
ent
"
fro
m
pub
lic
and
pol
iti
cal
ind
iff
ere
nce
int
o
the
pol
iti
cal
pro
ces
s.
The
sam
e
is
now
nee
ded
for
"ec
osy
ste
m"
and
"biosphere."
Our
rap
idl
y
cha
ngi
ng
tim
es
hav
e
bee
n
cha
rac
ter
ize
d
as
"Th
e
Age
of
Unc
ert
ain
ty"
and
a t
ime
of
"Fu
tur
e
Sho
ck.
"
Glo
bal
inf
lue
nce
s
are
imp
ing
ing
upo
n
us.
Wit
hin
the
pas
t
dec
ade
we
hav
e
see
n,
in
the
Bas
in,
on
var
iou
s
sca
les
,
bro
wno
uts
,
bla
cko
uts
,
fue
l
sho
rta
ges
for
div
ers
e
rea
son
s,
the
imm
ine
nt
dis
app
ear
anc
e o
f c
omm
erc
ial
fis
hin
g f
rom
Lak
e O
nta
rio
and
Geo
rgi
an
Bay
,
the
rev
iva
l o
f y
ell
ow
wal
ley
e p
opu
lat
ion
s
in
Lak
e E
rie
, u
nem
plo
yme
nt,
los
s o
f p
rim
e a
gri
cul
tur
al
lan
d,
inf
lat
ion
ary
pri
ces
and
lac
k o
f p
ubl
ic
mot
iva
tio
n,
and
eve
n b
eli
ef
in
dea
lin
g w
ith
an
ene
rgy
cri
sis
.
All
of
thi
s
sug
ges
ts
the
nee
d f
or
an
app
roa
ch
to
pla
nni
ng
tha
t i
s a
nti
cip
ato
ry
and
pre
ven
tat
ive
, r
ath
er
tha
n r
etr
oac
tiv
e a
nd
cur
ati
ve.
Suc
h a
n a
ppr
oac
h
starts with a concept of "man-in."
SURVEILLANCE
The Board wishes to make it clear at the start that the comments in
this section are not made in criticism of the Great Lakes International
Surveillance Program (hereafter called the Surveillance Program) or of
those involved in formulating the program. The Surveillance Program is not
an ecosystem (man—in) institution. Our intent is to show, by example, how
the Surveillance Program is constrained in the absence of an ecosystem
approach by the Water Quality Agreement of 1972 to accent, narrowly, water
quality and compliance with water quality objectives.
Following the analogy between the human body and the biosphere, it
would be reasonable to expect the Surveillance Program to be focussed on
changes and injuries in the most sensitive parts of the Ecosystem that
serve as early warning signals of stress. This is not the case. The
original focus of the Parties was on boundary waters (e.g. the Boundary
Waters Treaty of 1909), extended to the "Great Lakes System" (i.e. waters
of the Great Lakes Basin) by the Water Quality Agreement of 1972. The
evolution of investigations conducted in the Basin under the Commission
began with human health—related (microbiological) aspects of water quality
in the early part of the century, later shifting to encompass organic
pollution (e.g., biochemical oxygen demand), eutrophication and toxic
chemicals. The Great Lakes Fishery Commission came into being in 1955. In
this evolution, as our understanding improved through new findings from
research, physical aspects of water quality (e.g., currents, thermal pollution)
and biological aspects (benthos, algal blooms, Cdeaghora, herring gulls)
came to be added on as necessary.
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This evolution from a water quality perspective to an ecosystem perspec-
tive in the Basin (paralleled by an evolution toward a biospheric perspective
in the world) has no counterpart in medicine. If a counterpart were invented
it would start with early physicians diagnosing ailments and treating
patients on the basis of information derived from sophisticated chemical
analyses of blood. Later, non—chemical types of blood analyses would be
added such as red blood cell counts, white blood cell counts and measurements
of circulation. Still later, impairments of other parts of the body such
as the skin or sense organs would be considered. The concept of preventative
medicine in this fictitious analogy would be completely unknown.
Analogies have their limitations; but these are not transgressed in
calling attention to the common features of individual organisms and-ecosystems
in respect to integration of parts, emergent properties, reactions to
stress, and diagnosis in relation to disease. 0n the contrary, the analogy
is crucial to conveying what appears to be a very difficult and for some
perhaps impossible notion to grasp - the profound difference between the
present modus operandi of the Parties and the Commission, and an examination
of integrated actions of parts within the Ecosystem, viewed as a whole.
The former approach is man—centered and reductionist; the latter, Ecosystem-
centered and holistic.
Specific elements of the Water Quality Agreement of 1972 provide for
the establishment of water quality objectives, the description of remedial
programs to achieve these objectives, and a Surveillance Program to monitor .
the quality of boundary waters to ensure that the objectives are being met. 3
Adopt
ion
of th
e eco
syste
m app
roach
propo
sed h
ere w
ill
provi
de th
e fo
undat
ion
§
necessary for integration of these elements with other components of the
Ecosystem in terms of planning, research and management.
The Surveillance Program is notable, not for the lack of attention to
Ecosystem ("man-in") components, but for the fact that so many components
(e.g
. zo
opla
nkto
n,
gull
s)
are
exam
ined
beyo
nd t
he l
imit
s of
spec
ific
wate
r
qual
ity
obje
ctiv
es.
Yet,
it i
s we
ll
know
nto
the
Boar
d an
d to
thos
e wi
thin
the
Surv
eill
ance
Prog
ram
that
it i
s an
uphi
ll a
nd u
sual
ly
frui
tles
s st
rugg
le
to a
ttem
pt t
o st
retc
h be
yond
surv
eill
ance
of c
hemi
cals
for
whic
h sp
ecif
ic
*
wat
er
qua
lit
y o
bje
cti
ves
are
giv
en
in
the
Wat
er
Qua
lit
y A
gre
eme
nt
of
197
2.
To
tho
se
pro
mot
ing
spe
cif
ic
ext
ens
ion
s o
f s
urv
eil
lan
ce
act
ivi
tie
s a
ris
ing
fro
m n
ew
res
ear
ch
fin
din
gs,
the
typ
ica
l r
epl
y i
s:
"Wh
at
has
tha
t t
o d
o
wit
h w
ate
r q
ual
ity
?"
Exc
ept
for
pho
sph
oru
s l
oad
ing
s a
nd
rat
es
of
oxy
gen
dep
let
ion
in
the
cen
tra
l b
asi
n o
f L
ake
Eri
e,
rat
e m
eas
ure
men
ts,
eve
n t
hou
gh
cru
cia
l
to
sci
ent
ifi
cal
ly
bas
ed
dia
gno
sis
,
are
"ou
t."
 
In
add
iti
on
to
che
mic
als
,
the
Sur
vei
lla
nce
Pro
gra
m
inc
lud
es
sev
era
l
bi
ol
og
ic
al
co
mp
on
en
ts
.
0n
th
e
li
st
of
an
al
yt
ic
al
me
as
ur
em
en
ts
,
fi
ve
it
em
s
ar
e
ci
te
d
un
de
r
th
e
he
ad
in
g
of
mi
cr
o-
or
ga
ni
sm
s
(h
et
er
ot
ro
ph
s,
to
ta
l
co
li
fo
rm
s,
fe
ca
l
co
li
fo
rm
s,
fe
ca
l
st
re
pt
oc
oc
ci
,
P.
ae
ru
gi
no
sa
)
fo
ll
ow
ed
by
fo
ur
ot
he
rs
li
st
ed
se
pa
ra
te
ly
(p
hy
to
pl
an
kt
on
,
zo
op
la
nk
to
n,
ch
lo
ro
ph
yl
l
gj
ph
eo
ph
yt
in
,
an
d
Cl
ad
op
ho
ra
).
"B
en
th
ic
or
ga
ni
sm
s"
ar
e
li
st
ed
un
de
r
th
e
he
ad
in
g
of
sed
ime
nt.
A s
epa
rat
e a
cti
vit
y p
ert
ain
s t
o p
ers
ist
ent
con
tam
ina
nts
in
fish
.
Sev
era
l o
bse
rva
tio
ns
are
per
tin
ent
in
rel
ati
on
to
the
abo
ve.
The
fir
st
is
tha
t a
ll
the
se
mea
sur
eme
nts
,
lik
e t
hei
r c
hem
ica
l c
oun
ter
par
ts
on
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D
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2A
\
\
\
the
Sur
vei
lla
nce
Pro
gra
m
lis
t,
are
sta
tic
.
The
y
are
mea
sur
ed
as
con
cen
—
tr
at
io
ns
or
nu
mb
er
s
of
th
is
or
th
at
pe
r
un
it
ar
ea
or
vo
lu
me
at
pa
rt
ic
ul
ar
tim
es.
Th
ey
an
d
th
ei
r
ch
em
ic
al
co
un
te
rp
ar
ts
are
ve
ry
us
ef
ul
in
de
te
ct
in
g
vio
lat
ion
s a
nd
in
des
cri
bin
g s
pec
ies
com
pos
iti
on
of
bio
log
ica
l c
omm
uni
tie
s
at
par
tic
ula
r
tim
es
and
loc
ati
ons
.
but
the
y
tel
l
not
hin
g
of
the
dyn
ami
c,
int
egr
ate
d
act
ivi
tie
s
of
the
se
ele
men
ts
in
the
aqu
ati
c
par
t
of
the
Eco
sys
-
tem
.
Th
ey
pr
ov
id
e
li
tt
le
di
re
ct
io
n
in
te
rm
s
of
un
de
rs
ta
nd
in
g
th
at
ca
n
be
bu
il
t
on.
Th
e
av
oi
da
nc
e
of
ra
te
me
as
ur
em
en
ts
wo
ul
d
be
co
mp
ar
ab
le
in
hu
ma
n
me
di
ci
ne
to
th
e
ne
gl
ec
t
of
pu
ls
e
rat
e,
ra
te
of
me
ta
bo
li
sm
or
ra
te
of
ox
yg
en
co
ns
um
pt
io
n
du
ri
ng
an
d
af
te
r
he
av
y
ex
er
ci
se
.
Th
is
su
gg
es
ts
th
at
th
e
sc
ie
nt
if
ic
ba
si
s
(i
.e
.
th
e
ba
si
s
in
te
rm
s
of
or
ga
ni
ze
d
in
fo
rm
at
io
n)
of
th
e
Su
rv
ei
ll
an
ce
Pr
og
ra
m
is
li
mi
te
d,
pe
rh
ap
s
mo
re
of
a
po
li
ce
fu
nc
ti
on
th
an
a
diagnostic function.
A
se
co
nd
ob
se
rv
at
io
n
is
th
at
th
er
e
te
nd
s
to
be
mi
ni
ma
l
an
al
ys
is
,
in
te
rp
re
ta
ti
on
,
an
d
in
te
gr
at
io
n
of
da
ta
ac
cu
mu
la
te
d
in
th
e
Su
rv
ei
ll
an
ce
Pr
og
ra
m.
Th
is
wa
s
al
so
no
te
d
in
an
IJ
C
Wo
rk
sh
op
on
su
rv
ei
ll
an
ce
(13
).
On
e
re
as
on
fo
r
th
is
is
re
la
te
d
to
th
e
fi
rs
t
ob
se
rv
at
io
n:
co
nt
em
po
ra
ry
da
ta
ar
e
no
t
re
ad
il
y
am
en
ab
le
to
in
te
rp
re
ta
ti
on
be
ca
us
e
th
ey
ar
e
fo
cu
ss
ed
on
de
sc
ri
p—
ti
on
ra
th
er
th
an
dy
na
mi
c
me
as
ur
em
en
ts
.
Th
e
da
ta
ar
e
fo
cu
ss
ed
on
st
at
ic
me
as
ur
em
en
ts
of
ch
em
ic
al
an
d
bi
ol
og
ic
al
wa
te
r
qu
al
it
y
be
ca
us
e
th
e
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
of
19
72
is
ba
se
d
on
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
th
at
wi
th
fe
w
ex
ce
pt
io
ns
ar
e
st
at
ed
in
co
nc
en
tr
at
io
ns
.
An
ot
he
r
ob
se
rv
at
io
n
is
th
at
li
tt
le
us
e
is
ma
de
of
or
ga
ni
sm
s
as
in
te
—
gr
at
or
s
of
en
vi
ro
nm
en
ta
l
co
nd
it
io
ns
.
Th
e
Bo
ar
d
co
mm
en
te
d
in
it
s
19
77
An
nu
al
Re
po
rt
on
th
e
ne
ed
fo
r
gr
ea
te
r
bi
ol
og
ic
al
su
rv
ei
ll
an
ce
.
Or
ga
ni
sm
s
ar
e
ti
me
in
te
gr
at
or
s
of
th
e
hi
st
or
ie
s
of
th
ei
r
en
vi
ro
nm
en
ts
.
Be
nt
hi
c
or
ga
ni
sm
s
ar
e
pa
rt
ic
ul
ar
ly
us
ef
ul
in
th
is
re
ga
rd
be
ca
us
e
th
ey
mo
st
ly
st
ay
in
on
e
pl
ac
e.
On
ro
ck
y
sh
or
es
,
Cl
ad
op
ho
ra
is
an
ex
ce
ll
en
t
in
di
ca
to
r
of
nu
tr
ie
nt
po
ll
ut
io
n.
Th
e
su
dd
en
sp
il
l
of
a
to
xi
c
ch
em
ic
al
at
3:
06
a.
m.
,
on
Ju
ly
20
,
fo
r
ex
am
pl
e
wi
ll
le
av
e
te
ll
-t
al
e
ev
id
en
ce
of
to
xi
ci
ty
fo
r
mo
nt
hs
if
th
e
be
nt
hi
c
co
mm
un
it
y
or
ce
rt
ai
n
sp
ec
ie
s
of
it
ar
e
er
ad
ic
at
ed
.
In
co
nt
ra
st
,
th
e
ch
em
ic
al
wi
ll
be
di
sp
er
se
d
in
wa
te
r
wi
th
ou
t
le
av
in
g
ev
id
en
ce
of
th
e
sp
il
l
in
mi
nu
te
s
or
ho
ur
s.
Li
vi
ng
or
ga
ni
sm
s
al
so
in
te
gr
at
e
th
e
ef
fe
ct
s
of
lo
w
co
nc
en
tr
at
io
ns
ov
er
lo
ng
ti
me
s.
On
ly
ma
rg
in
al
us
e
is
ma
de
of
bi
ol
og
ic
al
po
pu
la
ti
on
s,
re
la
ti
ve
to
ch
em
ic
al
s,
by
th
e
Su
rv
ei
ll
an
ce
Program.
Th
e
ma
rg
in
al
us
e
of
bi
ol
og
ic
al
po
pu
la
ti
on
s
wi
th
in
th
e
Su
rv
ei
ll
an
ce
Pr
og
ra
m
is
mo
st
di
sc
on
ce
rt
in
g
to
th
e
Bo
ar
d
co
ns
id
er
in
g
th
e
Ne
w
an
d
Re
vi
se
d
Wa
te
r
Qu
al
it
y
Ob
je
ct
iv
es
(V
ol
um
es
I
an
d
II
)
wh
ic
h
th
e
Co
mm
is
si
on
ha
s
re
co
mm
en
de
d
to
Go
ve
rn
me
nt
s.
In
de
ve
lo
pi
ng
th
es
e
ob
je
ct
iv
es
,
th
e
jo
in
tl
y
op
er
at
in
g
Wa
te
r
Qu
al
it
y
Ob
je
ct
iv
es
Su
bc
om
mi
tt
ee
(W
at
er
Qu
al
it
y
Bo
ar
d)
an
d
th
e
Sc
ie
nt
if
ic
Ba
si
s
fo
r
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Co
mm
it
te
e
(R
es
ea
rc
h
Ad
vi
so
ry
Bo
ar
d)
em
pl
oy
ed
th
e
ph
il
os
op
hy
th
at
th
es
e
ob
je
ct
iv
es
sh
ou
ld
be
ba
se
d
on
th
e
pr
ot
ec
ti
on
of
th
e
mo
st
se
ns
it
iv
e
de
si
gn
at
ed
us
e
of
th
es
e
wa
te
rs
.
To
a
la
rg
e
de
gr
ee
,
aq
ua
ti
c
li
fe
or
co
ns
um
er
s
of
aq
ua
ti
c
li
fe
(i
.e
.
wa
te
rf
ow
l
an
d
ma
n)
wa
s
de
em
ed
th
e
mo
st
se
ns
it
iv
e
us
e
to
be
pr
ot
ec
te
d.
Ex
am
pl
es
of
sp
ec
if
ic
ob
je
ct
iv
es
re
co
mm
en
de
d
to
go
ve
rn
me
nt
s
for
pr
ot
ec
ti
on
of
aq
ua
ti
c
lif
e
in
cl
ud
e
he
av
y
me
ta
ls
(c
ad
mi
um
.
le
ad
.
me
rc
ur
y
an
d
zi
nc
)
an
d
pe
rs
is
te
nt
or
ga
ni
c
co
nt
am
in
an
ts
su
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esters and polychlorinated biphenyls (PCBs). Many of these compounds are
known to occur simultaneously in organisms with antagonistic, synergistic,
or additive effects on aquatic life. As a result, the joint committees of
the Water Quality Board and the Research Advisory Board noted in the develop—
ment of these objectives that "adoption of objectives does not preclude the
need for studying the aquatic environment and effects of conditions on
related organisms and uses."
Two of the more remarkable instances of lack of integration of Ecosystem
information in the Surveillance Program pertain to fish and man. The only
information on fish that is integrated into the Surveillance Program is
concentrations of contaminants in fish. There is no integration, year—by—
year, of water quality data with information on fish populations — whether
given species are increasing or decreasing at particular moments in time,
data on spawning success, incidences of fish diseases in relation to water
quality characteristics, or analysis of growth rates in different areas.
Even the possibility of over—fishing is not taken into account! The Board
would not expect the Surveillance Program to make such measurements, but it
would expect some institution under the Commission to integrate the informa-
tion available from other sources as part of an Ecosystem Surveillance
Program. The present system is like determining the concentrations of
various pollutants in blue pike (Stizostedion vitreum glaucum) in Lake
Erie, suddenly waking up one day to find that the problem has been solved
because blue pike no longer exist!
Warm blooded animals dependent on fish and other aquatic life for
food, particularly fish—eating birds which nest in colonies such as gulls
and herons, also constitute a sensitive and easily studied monitor. Studies
in 1971, for example, showed poor reprOductive success of herring gull and
tern colonies, particularly around Lake Ontario. This phenomenon along
with a high incidence of abnormal chicks is associated with heavy body
burdens of recognized toxicants. Similarly, a colony of black—crowned
night herons on an island in Eastern Lake Ontario has also been identified
as carrying large loads of chlorinated hydrocarbons with seriously diminished
reproductive success.
Through the 1970's populations of ring—billed gulls have increased
dramatically in the eastern end of Lake Ontario while herring gull nesting
success continued to decline. Since food habits for these species are the
same, the reasons for the contrary population changes are not clear, but
may relate to the fact that herring gulls in the lower Great Lakes do not
migrate and have year—round dependence on food acquired in and adjacent to
Lake Ontario. The one black—crowned night heron colony mentioned above,
showed a dramatic improvement in nesting success in the summer of 1977.
This is a first sign of a significant change in reproductive success in
fish-eating birds in Lake Ontario since problems on the nesting grounds
were first observed.
It would appear, therefore, that reproductive success of colonial—
nesting,
fish—eating
birds may
be a sensitive
indicator
of ecosystem
stress.
There
is also
a suggestion
that
this
may
represent
complex
interactions
from a variety
of compounds.
This avenue
of surveillance
and
research
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the
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o m
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y s
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n f
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t d
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.
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re
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a b
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r
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the
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os
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os
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 III“ IIMIIINMI
INTRODUCTION
Public and political recognition of the importance of environmental
and resource considerations in planning dates from the mid—1960's, little
more than a decade ago. Prior to that time the terms "ecology" and
"environment" were rarely used beyond limited scientific circles. Had this
revolution occurred a millenium ago the concepts would have been incorporated
into our language and require no explanation. We would have as many, or
more words for environment as the Inuit have for different kinds of ice and
snow. It should, therefore, not be surprising in the 1970's that a seemingly
new concept, i.e. "ecosystem," should appear on the scene.
Other words in our language are "hang—overs" from previous ages when
our understanding of natural events was based more on supposition and
superstition than on science. In this sense we still speak of man and
nature as though they were separate and independent things - in spite of
the now well known fact that man evolved in the biosphere as a product of
nature, and that there are now no longer any parts of the biosphere com—
pletely free from the influence of man. In giving verbal recognition to
these facts through the use of terms such as ecosystem and biosphere, far
more is implied than may be apparent initially. The displacement of words
is in fact a displacement of concepts.
Six terms are examined relative to the needs of the Parties and the
Commission in the Great Lakes Basin. The first three accent man—in-a—
system (ecosystem, biosphere, nature). The second three accent systems—
external—to—man (water, aquatic environment, environment). Each term can
be described by static variables, such as quality or concentration; and
also by dynamic variables, such as fluxes, loadings, or pathways through
food webs. The primary distinction between these two sets of terms, man—in/
man—out, is not trivial. It is like a sign indicating a fork in the road.
The attitudinal, economic and societal consequences of following the wrong
road are immense.
MAN—IN-A‘SYSTEM
ECOSYSTEM*
An ecological system or ecosystem is any unit of nature in which
living organisms and nonliving substances interact with an exchange of
materials between the living and nonliving parts (4). "Ecosystem" is a
iTh
is
rep
eat
s
mat
eri
al
pre
sen
ted
ear
lie
r
for
con
ven
ien
ce
of
the
rea
der
.
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.
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 The need for a biospheric perspective in recent decades has been shown by
the effects or potential effects of human activity on climate (carbon
dioxide levels in the atmsophere, atmospheric dust, halomethanes from
aerosol cans), acid rain phenomena, marine pollution and the changing
nature of man as a species with increasing technological metabolism.
NATURE
"Nature" and "natural objects" are wider terms than biosphere; they
encompass the interior of the earth, meteorites, the sun and the stars, as
well as the biosphere. The terms "nature" and "natural" are commonly,
though not solely, used to refer to things untouched by man. Such a view—
point places man outside nature. It makes it easy for us to think of
ourselves as separate from and perhaps even above "nature." This is not
only inconsistent with what is known of the evolutionary origin of man; it
is counter-productive to facilitating a harmony between man and the rest of
nature.
For these reasons "nature" is defined here to include man. Thus we
may speak of the human and the nonhuman parts of nature, or of man in
nature, but notof man and nature. This distinction has important bearing
on human perceptions, attitudes and behavior directly related to the economic
and societal interests of the Parties and the Commission in resolving
boundary waters problems in the Great Lakes Basin.
SYSTEMS-EXTERNAL—TO-MAN
WATER; WATER QUALITY
Water and water quality are narrow terms. We tend to think of them in
connection with particular human uses — industrial use, drinking water
supply, swimming, transport, etc. "Water quality" and "water quality
obje
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y p
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AQ
UA
TI
C
EN
VI
RO
NM
EN
T;
AQ
UA
TI
C
EN
VI
RO
NM
EN
TA
L
QU
AL
IT
Y
Th
es
e
te
rm
s
ar
e
mo
st
ap
pr
op
ri
at
el
y
us
ed
fo
r
or
ga
ni
sm
s
th
at
li
ve
in
water. They do not convey any sense of a close connection to man even
though we use the aquatic environment as a valued resource. Nevertheless,
the terms can be useful in connection with the Commission's activities.
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osy
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h m
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fis
h.
We
liv
e
on
lan
d.
ENVIRONMENT; ENVIRONMENTAL QUALITY
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m "
env
iro
nme
nt"
imp
lie
s t
he
exi
ste
nce
of
som
eth
ing
ext
ern
al
to
a l
ivi
ng
org
ani
sm
or
agg
reg
ati
ons
of
liv
ing
org
ani
sms
.
Thu
s,
we
spe
ak
of
org
ani
sms
and
the
ir
"en
vir
onm
ent
."
By
"en
vir
onm
ent
" w
e d
o n
ot
mea
n e
ver
y-
thi
ng
ext
ern
al
to
a b
iol
ogi
cal
pop
ula
tio
n,
onl
y
tho
se
thi
ngs
tha
t
aff
ect
its
wel
l—b
ein
g,
pos
iti
vel
y o
r n
ega
tiv
ely
.
Thu
s,
by
"ou
r e
nvi
ron
men
t"
we
mea
n t
he
thi
ngs
we
int
era
ct
wit
h a
nd
on
the
sup
ply
of
whi
ch
we
dep
end
— t
he
air
we
bre
ath
e,
the
wat
er
we
dri
nk,
the
soc
iet
y i
n w
hic
h w
e l
ive
,
our
she
lte
r,
and
so
on.
In
mos
t c
ase
s w
e a
re
not
awa
re
of
thi
s d
epe
nde
ncy
unt
il
our
nee
ds
are
thr
eat
ene
d b
y r
edu
ced
qua
lit
y o
r r
ate
of
sup
ply
.
We
can
spe
ak
of
the
"hu
man
env
iro
nme
nt,
" (
tho
se
thi
ngs
ext
ern
al
to
Hom
o s
api
ens
on
whi
ch
wel
l—b
ein
g o
f t
he
spe
cie
s d
epe
nds
),
the
"ur
ban
env
iro
nme
nt,
" t
he
"wi
ld
env
iro
nme
nt,
" t
he
"ph
ysi
cal
env
iro
nme
nt,
" t
he
"bi
oti
c e
nvi
ron
men
t,"
the
"aq
uat
ic
env
iro
nme
nt,
"
the
"en
vir
onm
ent
"
of
a m
osq
uit
o a
nd
so
on.
Env
iro
nme
nt
mea
ns
dif
fer
ent
thi
ngs
in
dif
fer
ent
con
tex
ts.
In
som
e r
esp
ect
s
suc
h a
s p
ubl
ic
app
eal
thi
s i
s u
sef
ul;
in
oth
ers
, e
.g.
,
sci
enc
e,
cle
ar
thi
nki
ng,
leg
al,
etc.
it
is
con
fus
ing
.
The
ter
m "
env
iro
nme
nta
l q
ual
ity
,"
whi
ch
has
com
e i
nto
gen
era
l u
se
dur
ing
the
pas
t d
eca
de,
is
use
ful
in
bri
ngi
ng
tog
eth
er
sep
ara
te
env
iro
nme
nta
l i
ssu
es
in
a b
roa
d c
ont
ext
; b
ut
it
is
lim
ite
d
as
a c
onc
ept
in
tha
t i
t f
ail
s t
o m
ake
it
cle
ar
tha
t w
e a
re
par
tne
rs
wit
h
the rest of nature in the biosphere.
APP
ROP
RIA
TEN
ESS
OF
AN
ECO
SYS
TEM
APP
ROA
CH
TO
THE
PAR
TIE
S A
ND
THE
COMMISSION
The
pre
sen
t a
uth
ori
ty
of
the
Com
mis
sio
n r
est
s o
n t
he
Bou
nda
ry
Wat
ers
Trea
ty o
f 19
09 a
nd t
he G
reat
Lake
s Wa
ter
Qual
ity
Agre
emen
t of
1972
.
The
fir
st
que
sti
on
und
er
thi
s h
ead
ing
is:
Is
the
con
cep
t o
f a
n e
cos
yst
em
approach inherent in the Treaty and Agreement?
The
re
is
amp
le
evi
den
ce
fro
m p
ast
ref
ere
nce
s a
nd
Com
mis
sio
n r
epo
rts
to
sho
w t
hat
the
Par
tie
s a
nd
the
Com
mis
sio
n h
ave
wor
ked
wit
hin
a m
ore
hol
ist
ic
fram
ewor
k th
an "
wate
r qu
alit
y."
Pert
inen
t in
this
conn
ecti
on a
re:
the
air
pol
lut
ion
ref
ere
nce
s a
t T
rai
l,
Bri
tis
h C
olu
mbi
a,
and
in
the
Det
roi
t—W
ind
sor
area
; pr
obab
le e
colo
gica
l ef
fect
s fr
om t
he p
ropo
sed
floo
ding
of t
he S
kagi
t
Vall
ey,
Brit
ish
Colu
mbia
; s
ocio
—pro
blem
s of
resi
dent
s at
Poin
t Ro
bert
s,
Was
hin
gto
n;
pos
sib
le
int
rod
uct
ion
of
und
esi
rab
le
fis
h s
pec
ies
and
oth
er
prob
lems
asso
ciat
ed w
ith
oper
atio
n of
the
Garr
ison
Dive
rsio
n Un
it,
Nort
h
Dakota; beauty in regard to the maintenance of Niagara Falls; the abundance
of algae and other effects associated with eutrophication in the lower
Great Lakes; and, most recently, the effects of pollution from land-based
(societal) activities in the Basin (PLUARG).
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 These examples suffice to show that problems examined by the Commission
have encompassed all the elements of ecosystems (water, air, land and living
organisms, including man) even though not with the integration characterizing
an ecosystem approach. It is also recognized that the Boundary Waters Treaty
and the Water Quality Agreement are political instruments for dealing with
situations in which there is non-coincidence of political boundaries and the
limits of river basins; they are in fact admissions of the political necessity
to conform to biospheric design.
Yet
, i
n s
pit
e o
f a
ll
thi
s,
it
is
app
are
nt
tha
t t
he
Com
mis
sio
n i
s c
ons
tra
ine
d
from
impl
emen
ting
an e
cosy
stem
appr
oach
by t
he r
estr
icti
ve f
ocus
on w
ater
of
the
Bou
nda
ry
Wat
ers
Tre
aty
of
1909
, w
hic
h i
s t
he
Com
mis
sio
n's
pri
mar
y s
our
ce
of a
utho
rity
.
In t
he c
hall
enge
of m
eeti
ng p
robl
ems
cont
inua
lly
aris
ing
in
the
Bas
in,
the
Com
mis
sio
n w
ill
nee
d a
mor
e e
xte
nsi
ve
leg
isl
ati
ve
bas
e f
oun
ded
on
an
eco
sys
tem
app
roa
ch.
In
add
iti
on,
it
wil
l
hav
eto
pro
vid
e
bet
ter
int
e-
gra
tio
n o
f t
he
act
ivi
tie
s c
ond
uct
ed
und
er
its
var
iou
s b
oar
ds
and
ref
ere
nce
s.
A s
eco
nd
que
sti
on
tha
t m
ust
be
add
res
sed
is:
Doe
s a
suf
fic
ien
t l
egi
sla
tiv
e
bas
e p
res
ent
ly
exi
st
in
bot
h c
oun
tri
es
(Fe
der
al,
Pro
vin
cia
l a
nd
Sta
te
Gov
ern
men
ts)
to
imp
lem
ent
an
eco
sys
tem
app
roa
ch
in
the
Bas
in?
Var
iou
s r
evi
ews
of
exi
sti
ng
leg
isl
ati
on,
reg
ula
tio
ns
and
non
—st
atu
tor
y p
rog
ram
s f
or
wat
er
and
env
iro
nme
nta
l
res
our
ce
con
ser
vat
ion
, a
nd
pol
lut
ion
aba
tem
ent
exi
st
in
bot
h c
oun
tri
es.
The
many laws are diverse.
The
Fis
her
ies
Act
and
its
ame
ndm
ent
s c
ons
tit
ute
the
old
est
bas
is
of
Can
adi
an
fed
era
l i
nvo
lve
men
t i
n p
oll
uti
on
con
tro
l a
nd
eff
lue
nt
sta
nda
rds
.
Rec
ent
ame
ndm
ent
s t
o t
he
Act
exp
and
the
def
ini
tio
n o
f "
fis
h"
to
inc
lud
e
"aq
uat
ic
ani
mal
s a
nd
the
egg
s,
spa
wn,
spa
t a
nd
juv
eni
le
sta
ges
of
fis
h,
she
llf
ish
, a
nd
aqu
ati
c a
nim
als
."
"Aq
uat
ic
hab
ita
t"
is
def
ine
d t
o m
ean
"th
e
phy
sic
al,
che
mic
al
and
bio
log
ica
l c
omp
one
nts
of
the
env
iro
nme
nt
on
whi
ch
fis
h
dep
end
dir
ect
ly
or
ind
ire
ctl
y
in
ord
er
to
car
ry
out
the
ir
lif
e
pro
ces
ses
and
wit
hou
t
lim
iti
ng
the
for
ego
ing
inc
lud
es
liv
ing
aqu
ati
c
org
ani
sms
,
non
liv
ing
nut
rie
nts
and
spa
wni
ng
gro
und
s
and
nur
ser
y
rea
rin
g,
foo
d
sup
ply
and
mig
rat
ion
ar
ea
s.
"
Th
e
pr
in
ci
pa
l
le
gi
sl
at
iv
e
fo
un
da
ti
on
fo
r
wa
te
r
qu
al
it
y
ma
na
ge
me
nt
in
th
e
Un
it
ed
St
at
es
is
th
e
Fe
de
ra
l
Wa
te
r
Po
ll
ut
io
n
Co
nt
ro
l
Ac
t
as
am
en
de
d
(t
he
Cl
ea
n
Wa
te
r
Ac
t)
.
Se
ct
io
n
30
4
(a)
(2)
st
at
es
th
at
th
e
Ad
mi
ni
st
ra
to
r
(E
PA
)
"s
ha
ll
de
ve
lo
p
an
d
pu
bl
is
h.
..
.
in
fo
rm
at
io
n.
..
.
on
th
e
fa
ct
or
s
ne
ce
ss
ar
y
to
re
st
or
e
an
d
ma
in
ta
in
th
e
ch
em
ic
al
,
ph
ys
ic
al
an
d
bi
ol
og
ic
al
in
te
gg
it
y
[i
ta
li
cs
ad
de
d]
of
al
l
na
vi
ga
bl
e
wa
te
rs
,
gr
ou
nd
wa
te
rs
,
wa
te
rs
of
th
e
co
n-
tiguous zone, and the oceans."
Cl
ea
rl
y,
bo
th
Ac
ts
st
ip
ul
at
e
th
e
pr
ot
ec
ti
on
of
th
re
e
as
pe
ct
s
of
th
e
Ec
os
ys
te
m
(i
.e
.
ch
em
ic
al
,
ph
ys
ic
al
,
an
d
bi
ol
og
ic
al
).
In
co
rp
or
at
io
n
of
th
e
so
ci
et
al
co
mp
on
en
t
in
to
th
e
le
ga
l
me
an
s
of
ac
hi
ev
in
g
an
ec
os
ys
te
m
ap
pr
oa
ch
ca
n
be
se
en
in
th
e
Re
vi
se
d
Ca
bi
ne
t
Di
re
ct
iv
e
fo
r
th
e
En
vi
ro
nm
en
ta
l
As
se
ss
me
nt
Re
vi
ew
Pr
oc
es
s
(C
an
ad
a)
an
d
th
e
Na
ti
on
al
En
vi
ro
nm
en
ta
l
Po
li
cy
Ac
t
(U
ni
te
d
St
at
es
).
Se
ct
io
n
10
1
(a
)
of
th
e
la
tt
er
st
at
es
th
at
Co
ng
re
ss
re
co
gn
iz
es
"t
he
pr
of
ou
nd
im
pa
ct
of
ma
n'
s
ac
ti
vi
ti
es
on
th
e
in
te
rr
el
at
io
ns
of
al
l
co
mp
on
en
ts
of
th
e
na
tu
ra
l
en
vi
ro
nm
en
t,
pa
rt
ic
ul
ar
ly
th
e
pr
of
ou
nd
in
fl
ue
nc
e
of
po
pu
la
ti
on
gr
ow
th
,
hi
gh
de
ns
it
y
ur
ba
ni
za
ti
on
,
in
du
st
ri
al
ex
pa
ns
io
n,
re
so
ur
ce
ex
pl
oi
ta
—
ti
on
,
an
d
ne
w
an
d
ex
pa
nd
in
g
te
ch
no
lo
gi
ca
l
ad
va
nc
es
an
d
re
co
gn
iz
in
g
fu
rt
he
r
th
e
cr
it
ic
al
im
po
rt
an
ce
of
re
st
or
in
g
an
d
ma
in
ta
in
in
g
en
vi
ro
nm
en
ta
l
qu
al
it
y
to
27
 th
e
ov
er
al
l
we
l
f
a
r
e
an
d
d
e
ve
l
o
p
m
e
n
t
of
ma
n,
de
cl
ar
es
..
..
[t
he
F
e
d
e
r
a
l
Go
ve
rn
me
nt
].
..
.
to
cr
ea
te
an
d
ma
in
ta
in
co
nd
it
io
ns
un
de
r
wh
ic
h
ma
n
an
d
na
tu
re
ca
n
ex
is
t
in
pr
od
uc
ti
ve
ha
rm
on
y.
..
”
In
ca
rr
yi
ng
ou
t
th
is
po
li
cy
,
th
e
Fe
de
ra
l
Go
ve
rn
me
nt
ag
en
ci
es
"u
ti
li
ze
a
sy
st
em
at
ic
,
in
te
rd
is
ci
pl
in
ar
y
ap
pr
oa
ch
wh
ic
h
wi
ll
en
su
re
th
e
in
te
gr
at
ed
us
e
of
th
e
na
tu
ra
l
an
d
so
ci
al
sc
ie
nc
es
an
d
th
e
en
vi
ro
nm
en
ta
l
de
si
gn
ar
ts
in
pl
an
ni
ng
an
d
in
de
ci
si
on
—m
ak
in
g
wh
ic
h
ma
y
ha
ve
an
im
pa
ct
on
ma
n'
s
en
vi
ro
nm
en
t.
"
In
sh
or
t,
th
is
ca
n
be
in
te
rp
re
te
d
to
sa
y:
ad
op
t
an
ec
os
ys
te
m
ap
pr
oa
ch
.
An
un
st
at
ed
ov
er
—r
id
in
g
fa
ct
or
in
te
gr
at
in
g
th
e
va
ri
ou
s
pi
ec
es
of
le
gi
s—
la
ti
on
in
ea
ch
co
un
tr
y
mu
st
al
so
be
re
co
ng
iz
ed
.
Th
e
va
ri
ou
s
ac
ts
at
th
e
fe
de
ra
l
le
ve
l
in
th
ei
r
co
ll
ec
ti
vi
ty
pr
es
um
e
an
in
te
gr
at
io
n
co
rr
es
po
nd
in
g
to
wh
at
is
te
rm
ed
he
re
an
ec
os
ys
te
m
ap
pr
oa
ch
.
In
th
e
Un
it
ed
St
at
es
th
is
le
gi
s—
la
ti
on
in
cl
ud
es
th
e
Ri
ve
rs
an
d
Ha
rb
or
s
Ac
t
of
18
99
,
th
e
Na
ti
on
al
En
vi
ro
nm
en
ta
l
Po
li
cy
Ac
t,
th
e
Co
ns
er
va
ti
on
Ac
t,
th
e
Wa
te
r
Re
so
ur
ce
s
Pl
an
ni
ng
Ac
t,
th
e
Cl
ea
n
Wa
te
r
Ac
t,
th
e
Fi
sh
an
d
Wi
ld
li
fe
Co
or
di
na
ti
on
Ac
t,
th
e
Cl
ea
n
Ai
r
Ac
t,
th
e
En
da
ng
er
ed
Sp
ec
ie
s
Ac
t,
an
d
th
e
To
xi
c
Su
bs
ta
nc
es
Co
nt
ro
l
Ac
t.
In
Ca
na
da
th
e
pr
ed
om
in
an
t
le
gi
sl
at
io
n
in
cl
ud
es
th
e
Fi
sh
er
ie
s
Ac
t,
th
e
De
pa
rt
me
nt
of
th
e
En
vi
ro
nm
en
t
Ac
t,
th
e
Cl
ea
n
Ai
r
Ac
t,
th
e
Ca
na
da
Wa
te
r
Ac
t,
th
e
En
vi
ro
nm
en
ta
l
Co
nt
am
in
an
ts
Ac
t,
th
e
Ca
na
da
Sh
ip
pi
ng
Ac
t
an
d
ot
he
r
pi
ec
es
of
le
gi
sl
at
io
n.
Th
e
On
ta
ri
o
Wa
te
r
Re
so
ur
ce
s
Ac
t,
th
e
On
ta
ri
o
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ac
t
an
d
th
e
On
ta
ri
o
En
vi
ro
nm
en
ta
l
As
se
ss
me
nt
Ac
t
ar
e
al
so
di
re
ct
ly
pe
rt
in
en
t
si
nc
e
th
ey
ap
pl
y
to
th
e
Ca
na
di
an
pa
rt
of
th
e
Ba
si
n.
IN
TE
RI
M
CH
AN
GE
S
IN
TH
E
WA
TE
R
QU
AL
IT
Y
AG
RE
EM
EN
T
OF
19
72
Wh
il
e
th
e
Bo
ar
d
ha
s
no
t
ex
am
in
ed
al
l
im
pl
ic
at
io
ns
of
a
ch
an
ge
fr
om
a
wa
te
r
qu
al
it
y
to
an
ec
os
ys
te
m
ap
pr
oa
ch
,
it
is
no
te
wo
rt
hy
th
at
mu
ch
of
th
is
in
te
nt
co
ul
d
be
in
co
rp
or
at
ed
in
to
th
e
te
xt
of
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
of
19
72
wi
th
re
la
ti
ve
ly
fe
w
ch
an
ge
s.
Th
e
ne
ce
ss
ar
y
ch
an
ge
s
ar
e:
(1
)
in
th
e
pr
ea
mb
le
to
th
e
Ag
re
em
en
t,
th
e
pa
ra
gr
ap
h,
"S
at
is
fi
ed
th
at
th
e
19
70
re
po
rt
of
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
pr
ov
id
es
a
so
un
d
ba
si
s
fo
r
ne
w
an
d
mo
re
ef
fe
ct
iv
e
co
op
er
at
iv
e
ac
ti
on
s
to
re
st
or
e
an
d
en
ha
nc
e
wa
te
r
qu
al
it
y
in
th
e
Gr
ea
t
La
ke
s
Sy
st
em
,"
sh
ou
ld
be
re
pl
ac
ed
wi
th
th
e
fo
ll
ow
in
g:
"S
at
is
fi
ed
th
at
re
st
or
at
io
n
an
d
en
ha
nc
em
en
t
of
th
e
bo
un
da
ry
wa
te
rs
ca
nn
ot
be
ac
hi
ev
ed
in
de
pe
nd
en
tl
y
of
ot
he
r
pa
rt
s
of
th
e
Gr
ea
t
La
ke
s
Ba
si
n
Ec
os
ys
te
m
wi
th
wh
ic
h
th
es
e
wa
te
rs
interact";
(2
)
in
se
rt
"w
at
er
s
of
th
e"
pr
io
r
to
"t
he
Gr
ea
t
La
ke
s
Sy
st
em
”
wh
er
ev
er
th
e
la
tt
er
oc
cu
rs
in
th
e
te
xt
of
th
e
Ag
re
em
en
t
unless this is redundant;
(3
)
th
ro
ug
ho
ut
th
e
te
xt
ch
an
ge
"G
re
at
La
ke
s
Sy
st
em
"
to
"G
re
at
Lakes Basin Ecosystem";
(4) insert the definition of Great Lakes Basin Ecosystem used
in this Report in Article I;
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 (5) delete "Water Quality" from the title and text of the
Agreement, so that "General Water Quality Objectives”
becomes "General Objectives,” and "Specific Water Quality
Objectives" becomes "Specific Objectives," etc.;
(6) entitle the Agreement: "Agreement between the United
States and Canada on Boundary Waters of the Great Lakes
Basin Ecosystem."
With these six changes the accent of the Agreement on boundary waters
would not be distorted; yet there would be explicit recognition of the need
to shift to an ecosystem approach. The Board believes that such change
should be useful and valid as an interim measure, but not to be interpreted
as precluding the need for a review by the Parties of the adequacy of the
Boundary Waters Treaty of 1909, the Great Lakes Water Quality Agreement of 1972
and other existing legislation in terms of facilitating an ecosystem approach
with man fully "in."
CRITERIA USED IN EVALUATING THE ECOSYSTEM APPROACH
The Board also examined the potential utility of an ecosystem approach
in the Basin to the Parties and the Commission independently of treaties,
agreements and legislation, i.e. in its own right. Five criteria were used
to compare and evaluate water quality and ecosystem approaches. These were:
(1) Man in Nature — Does the approach encompass human activities in a
manner suggesting interaction with other parts of nature, rather than
viewing man as separate from nature? Does it cause us to think and
speak of discharging wastes to something of which we are a part, rather
than to something that is separate from us?
(2) Relationships with Neighboring Areas — Does the approach force us to
consider interactions with areas neighboring the Basin? Does it facili—
tate resolution of transboundary problems?
(3) Dynamics — Does the approach convey a dynamic picture of the transport
of energy and materials in the Basin, interrelating industrial activities,
geochemical cycles and food chains? Does it imply measurement of rates
and fluxes? Does it convey the sense of a moving picture or still
photograph?
(4)
Att
itu
des
, P
erc
ept
ion
s,
Beh
avi
or
- D
oes
the
app
roa
ch
all
ow
per
son
s i
n
the
Basi
n to
rela
te t
o th
e bi
osph
ere
in a
mann
er
cons
iste
nt w
ith
the
aim
s o
f t
he
Par
tie
s,
the
Bou
nda
ry
Wat
ers
Tre
aty
and
the
Wat
er
Qua
lit
y
Agr
eem
ent
?
Doe
s i
t a
llo
w a
nd
enc
our
age
pub
lic
int
ere
st?
(5)
Lim
its
— I
s t
he
app
roa
ch
con
sis
ten
t w
ith
the
con
cep
ts
of
car
ryi
ng
cap
aci
ty
and
res
ili
enc
e,
sug
ges
tin
g t
hat
the
re
are
lim
its
to
hum
an
act
ivi
ty
in
the
Bas
in?
Doe
s i
t s
ugg
est
the
nee
d f
or
saf
ety
fac
tor
s a
nd
lead times?
In c
ompa
ring
ecos
yste
m an
d wa
ter
qual
ity
appr
oach
es o
n th
e ba
sis
of
thes
e fi
ve c
rite
ria,
"eco
syst
em"
link
s ma
n an
d en
viro
nmen
t as
comp
onen
ts o
f
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n
a
t
u
r
e
;
f
u
n
c
t
i
o
n
a
l
l
y
r
e
l
a
t
e
s
u
s
t
o
a
d
j
a
c
e
n
t
a
r
e
a
s
o
f
t
h
e
b
i
o
s
p
h
e
r
e
;
i
s
d
y
n
a
m
i
c
;
p
r
o
v
i
d
e
s
a
f
i
r
m
e
r
b
a
s
e
t
h
a
n
"
w
a
t
e
r
q
u
a
l
i
t
y
"
f
o
r
p
r
o
m
o
t
i
n
g
i
n
f
o
r
m
e
d
p
u
b
l
i
c
a
t
t
i
t
u
d
e
s
,
b
e
h
a
v
i
o
r
a
n
d
"
p
a
r
t
i
c
i
p
a
t
i
o
n
"
;
a
n
d
s
u
g
g
e
s
t
s
a
n
e
e
d
t
o
r
e
c
o
g
—
n
i
z
e
l
i
m
i
t
s
.
I
n
t
e
r
m
s
o
f
i
m
p
l
e
m
e
n
t
i
n
g
t
h
e
i
n
t
e
n
t
o
f
t
h
e
B
o
u
n
d
a
r
y
W
a
t
e
r
s
T
r
e
a
t
y
to
a
v
o
i
d
t
r
a
n
s
b
o
u
n
d
a
r
y
i
n
j
u
r
y
to
h
e
a
l
t
h
or
p
r
o
p
e
r
t
y
,
t
h
e
b
e
n
e
f
i
t
s
of
an
e
c
o
s
y
s
t
e
m
a
p
p
r
o
a
c
h
fa
r
o
u
t
w
e
i
g
h
t
h
o
s
e
of
a
w
a
t
e
r
q
u
a
l
i
t
y
a
p
p
r
o
a
c
h
.
W
h
e
t
h
e
r
w
e
l
i
k
e
it
or
n
o
t
,
t
h
e
c
h
o
i
c
e
of
a
n
e
c
o
s
y
s
t
e
m
or
w
a
t
e
r
q
u
a
l
i
t
y
a
p
p
r
o
a
c
h
c
a
n
n
o
t
a
v
o
i
d
i
n
f
l
u
e
n
c
i
n
g
o
ur
b
e
h
a
v
i
o
r
.
P
e
r
h
a
p
s
t
h
e
m
o
s
t
s
i
g
n
i
f
i
—
c
a
n
t
p
o
i
n
t
i
n
a
l
l
t
h
i
s
i
s
t
h
a
t
i
n
c
r
e
a
s
e
d
h
a
r
m
o
n
y
b
e
t
w
e
e
n
m
a
n
a
n
d
"
e
n
v
i
r
o
n
-
m
e
n
t
"
in
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
E
c
o
s
y
s
t
e
m
w
i
l
l
.
h
i
n
g
e
o
n
t
h
e
d
e
v
e
l
o
p
m
e
n
t
of
c
h
a
n
g
e
s
in
a
t
t
i
t
u
d
e
s
a
n
d
b
e
h
a
v
i
o
r
n
o
t
o
n
l
y
w
i
t
h
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
,
b
u
t
al
so
in
a
d
j
a
c
e
n
t
ar
ea
s.
Th
e
e
c
o
s
y
s
t
e
m
ap
pr
oa
ch
,
l
i
n
k
i
n
g
th
e
i
n
d
i
vi
d
ua
l
an
d
t
h
e
b
i
o
s
p
h
e
r
e
i
s
l
i
k
e
l
y
t
o
p
r
o
v
e
c
r
u
c
i
a
l
t
o
t
h
i
s
d
e
v
e
l
o
p
m
e
n
t
.
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 @Illl IIH'lY
ANSWERS TO THE COMMISSION'S REQUEST
Ther
e ha
s be
en a
tend
ency
to i
nter
pret
the
Boar
d's
reco
mmen
dati
on i
n it
s
Ann
ual
Rep
ort
for
197
7 t
hat
the
Com
mis
sio
n i
mpl
eme
nt
an
eco
sys
tem
app
roa
ch
in
the
Gre
at
Lak
es
Bas
in
as
mea
nin
g t
hat
the
Com
mis
sio
n b
e g
ive
n t
he
res
pon
si—
bili
ty o
f ma
nagi
ng t
he E
cosy
stem
.
That
is,
of c
ours
e, n
ot o
ur i
nten
t.
The
sense of the recommendation is that the Parties should continue to use the
Comm
issi
on a
nd i
ts j
oint
inst
itut
ions
as v
ehic
les
for
the
reso
luti
on o
f
tran
sbou
ndar
y pr
oble
ms u
nder
the
four
powe
rs,
and
only
thos
e po
wers
, s
tate
d
in
the
Bou
nda
ry
Wat
ers
Tre
aty
of
1909
.
The
se
are:
the
qua
si—
jud
ici
al
pow
er
of
app
rov
ing
or
wit
hol
din
g a
ppl
ica
tio
ns
aff
ect
ing
the
lev
els
or
flo
w o
f
bou
nda
ry
wat
ers
; c
ond
uct
ing
inv
est
iga
tio
ns
und
er
a r
efe
ren
ce;
sur
vei
lla
nce
and
coor
dina
tion
; an
d se
ttli
ng q
uest
ions
by d
ecis
ion.
Thes
e do
not
invo
lve
man
age
men
t.
The
Boa
rd
is
mer
ely
say
ing
tha
t i
n o
rde
r t
o a
dvi
se
the
Par
tie
s
adeq
uate
ly o
n tr
ansb
ound
ary
matt
ers,
incl
udin
g pr
even
tati
ve a
s we
ll
as
cura
tive
appr
oach
es,
and
over
the
long
term
as w
ell
as t
he s
hort
term
, th
e
sco
pe
of
the
Com
mis
sio
n's
per
spe
cti
ve
sho
uld
be
wid
ene
d t
o t
ake
acc
oun
t o
f
eco
sys
tem
and
bio
sph
eri
c r
eal
iti
es.
Thi
s i
s n
ece
ssa
ry
to
ens
ure
ade
qua
cy
of
the Commission's advice.
A s
eco
nd
are
a o
f c
onf
usi
on
is
a c
onc
ern
tha
t w
ide
nin
g o
f t
he
sco
pe
of
the
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt
of
197
2 m
igh
t j
eop
ard
ize
the
pro
gre
ss
mad
e t
o d
ate
in
imp
rov
ing
the
qua
lit
y o
f b
oun
dar
y w
ate
rs
in
the
Bas
in.
It
sho
uld
be
cle
ar
fro
m t
his
Rep
ort
tha
t
our
opi
nio
n
of
the
jeo
par
dy
is
jus
t
the
rev
ers
e.
Pro
gre
ss
in
con
tin
uin
g
to
res
tor
e
and
enh
anc
e
in
per
pet
uit
y
the
qua
lit
y
of
bou
nda
ry
wat
ers
in
the
Bas
in,
hin
ges
on
ado
pti
on
of
an
eco
sys
tem
ap
pr
oa
ch
th
at
in
cl
ud
es
a
bi
os
ph
er
ic
pe
rs
pe
ct
iv
e.
Th
er
e
sh
ou
ld
be
no
ro
om
fo
r
er
ro
r
in
in
te
rp
re
ti
ng
ou
r
op
in
io
n
in
th
is
re
ga
rd
.
No
w,
to
th
e
th
re
e
it
em
s
in
th
e
Co
mm
is
si
on
's
re
qu
es
t.
It
em
1
—
Di
ff
ic
ul
ti
es
in
Me
ld
in
g
th
e
Pr
es
en
t
Ap
pr
oa
ch
Ba
se
d
on
Wa
te
r
Qu
al
it
y
Ob
je
ct
iv
es
an
d
an
Ec
os
ys
te
m
Ap
pr
oa
ch
.
Th
e
Co
mm
is
si
on
re
co
gn
iz
ed
in
it
s
le
tt
er
of
Ma
rc
h
17
,
19
78
,
th
at
"t
he
ec
os
ys
te
m
ap
pr
oa
ch
,
as
ou
tl
in
ed
by
th
e
Bo
ar
d
in
it
s
19
77
An
nu
al
Re
po
rt
,
ma
y
pr
ov
id
e
si
gn
if
ic
an
t
be
ne
fi
ts
to
th
e
lo
ng
—t
er
m
ma
na
ge
me
nt
of
th
e
Gr
ea
t
La
ke
s"
;
ho
we
ve
r,
th
e
la
tt
er
st
at
ed
a
co
nc
er
n
th
at
"w
it
ho
ut
qu
al
if
ic
at
io
n,
a
br
oa
d
sy
st
em
ap
pr
oa
ch
wo
ul
d
di
ve
rt
at
te
nt
io
n
fr
om
a
co
nc
er
te
d
ef
fo
rt
to
re
st
or
e
wa
te
r
qu
al
it
y
on
th
e
ba
si
s
of
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
."
Th
e
Bo
ar
d
is
co
nv
in
ce
d
th
at
th
e
ec
os
ys
te
m
ap
pr
oa
ch
it
ad
vo
ca
te
s
wi
ll
no
t
di
ve
rt
at
te
nt
io
n
fr
om
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
,
bu
t
wi
ll
en
ha
nc
e
an
d
in
de
ed
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m
a
k
e
p
o
s
s
i
b
l
e
t
h
e
r
e
s
t
o
r
a
t
i
o
n
o
f
w
a
t
e
r
q
u
a
l
i
t
y
i
n
a
m
a
n
n
e
r
t
h
a
t
t
h
e
p
r
e
s
e
n
t
w
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
a
p
p
r
o
a
c
h
i
s
i
n
c
a
p
a
b
l
e
o
f
a
c
h
i
e
v
i
n
g
.
T
h
e
p
r
i
m
a
r
y
r
e
a
s
o
n
s
f
o
r
t
h
i
s
a
r
e
t
h
a
t
t
h
e
e
c
o
s
y
s
t
e
m
a
p
p
r
o
a
c
h
e
n
c
o
m
p
a
s
s
e
s
i
n
f
l
u
e
n
c
e
s
s
u
c
h
a
s
t
r
a
n
s
b
o
u
n
d
a
r
y
a
t
m
o
s
p
h
e
r
i
c
p
o
l
l
u
t
i
o
n
,
d
e
m
o
p
h
o
r
i
c
s
t
r
e
s
s
o
r
s
,
a
n
d
c
a
r
r
y
i
n
g
c
a
p
a
c
i
t
y
t
h
a
t
a
w
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
a
p
p
r
o
a
c
h
t
a
k
e
s
n
o
a
c
c
o
u
n
t
of
.
T
h
e
e
c
o
s
y
s
t
e
m
a
p
p
r
o
a
c
h
a
d
v
o
c
a
t
e
d
b
y
th
e
B
o
a
r
d
w
o
u
l
d
u
t
i
l
i
z
e
t
h
e
r
e
v
i
s
e
d
w
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
w
h
i
c
h
h
a
v
e
b
e
e
n
r
e
c
o
m
m
e
n
d
e
d
to
g
o
v
e
r
n
m
e
n
t
s
as
m
e
a
n
s
to
t
h
e
d
e
s
i
r
e
d
e
n
d
of
w
a
t
e
r
q
u
a
l
i
t
y
r
e
s
t
o
r
a
t
i
o
n
,
b
u
t
n
o
t
as
g
o
a
l
s
in
t
h
e
i
r
o
w
n
right.
T
h
e
C
o
m
m
i
s
s
i
o
n
sh
ou
ld
m
a
k
e
a
cl
ea
r
d
i
s
t
i
n
c
t
i
o
n
b
e
t
w
e
e
n
th
e
g
e
n
e
r
a
l
de
si
re
to
r
e
s
t
o
r
e
an
d
e
n
h
a
n
c
e
in
p
e
r
p
e
t
ui
t
y
th
e
q
ua
l
i
t
y
of
b
o
u
n
d
a
r
y
wa
t
e
r
s
,
an
d
th
e
p
r
e
s
e
n
t
a
p
p
r
o
a
c
h
to
th
is
en
d
b
a
s
e
d
on
wa
t
e
r
q
ua
l
i
t
y
o
b
j
e
c
t
i
ve
s
as
in
th
e
Gr
ea
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
of
19
72
.
Th
e
i
n
t
e
r
p
r
e
t
a
t
i
o
n
of
h
u
m
a
n
be
ha
vi
or
as
so
ci
at
ed
wi
th
th
e
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
of
19
72
an
d
it
s
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
ap
pr
oa
ch
ma
y
be
on
e
th
in
g
to
th
e
Co
mm
is
si
on
an
d
an
ot
he
r
to
th
os
e
ch
ar
ge
d
to
im
pl
em
en
t
th
e
in
te
nt
of
th
e
W
Q
A
in
th
ei
r
da
il
y
ac
ti
vi
ti
es
.
In
ou
r
op
in
io
n
th
e
si
ng
le
mo
st
se
ri
ou
s
di
ff
ic
ul
ty
in
me
ld
in
g
th
e
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
ap
pr
oa
ch
an
d
ec
os
ys
te
m
ap
pr
oa
ch
ma
y
be
in
ov
er
co
mi
ng
pa
st
ha
bi
ts
as
so
ci
at
ed
wi
th
a
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
ap
pr
oa
ch
.
In
a
wa
te
r
q
ua
l
i
t
y
o
b
j
e
c
t
i
ve
s
a
p
p
r
o
a
c
h
th
e
m
i
n
d
s
of
g
o
ve
r
n
m
e
n
t
a
d
m
i
n
i
s
t
r
a
t
o
r
s
an
d
p
o
t
e
n
—
ti
al
vi
o
l
a
t
o
r
s
te
nd
to
b
e
c
o
m
e
i
m
p
r
i
n
t
e
d
on
"1
5
m
i
l
l
i
g
r
a
m
s
pe
r
li
te
r"
r
a
t
h
e
r
th
an
on
th
e
r
e
q
ui
r
e
m
e
n
t
fo
r
r
e
s
t
o
r
a
t
i
o
n
an
d
e
n
h
a
n
c
e
m
e
n
t
of
th
e
q
ua
l
i
t
y
of
b
o
un
d
a
r
y
wa
t
e
r
s
in
pe
rp
et
ui
ty
.
T
h
e
P
a
r
t
i
e
s
an
d
th
e
C
o
m
m
i
s
s
i
o
n
s
h
o
ul
d
al
so
be
wa
re
of
pe
rs
on
s
an
d
or
ga
ni
za
ti
on
s
wh
o
ma
y
se
iz
e
up
on
th
e
wo
rd
"e
co
sy
st
em
,"
us
in
g
it
to
se
rv
e
na
rr
ow
er
in
te
re
st
s
to
th
e
de
tr
im
en
t
of
im
pl
em
en
ti
ng
th
e
ec
os
ys
te
m
ap
pr
oa
ch
.
Th
e
im
po
rt
an
ce
of
th
es
e
fa
ct
or
s
sh
ou
ld
no
t
be
un
de
r—
es
ti
ma
te
d.
Th
ey
ar
e
li
ke
ly
to
be
th
e
ma
in
im
pe
di
me
nt
s
to
ac
hi
ev
in
g,
in
th
e
lo
ng
te
rm
,
th
e
ai
ms
ex
pr
es
se
d
by
th
e
Pa
rt
ie
s
in
th
e
Bo
un
da
ry
Wa
te
rs
Tr
ea
ty
of
19
09
an
d
th
e
in
te
nt
of
th
e
e
c
o
s
y
s
t
e
m
ap
pr
oa
ch
.
It
em
2
—
Pr
ac
ti
ca
l
Me
an
s
of
Im
pl
em
en
ti
ng
th
e
Co
mb
in
ed
Co
nc
ep
t.
It
sh
ou
ld
be
cl
ea
r
th
at
im
pl
em
en
ta
ti
on
of
th
e
pr
op
os
ed
ec
os
ys
te
m
ap
pr
oa
ch
mu
st
ex
te
nd
be
yo
nd
th
e
ad
vi
so
ry
ro
le
of
th
e
Co
mm
is
si
on
in
to
ma
na
ge
me
nt
st
ru
c—
tu
re
s
on
bo
th
si
de
s
of
th
e
bo
rd
er
.
Th
e
es
se
nt
ia
l
fe
at
ur
e
of
th
e
ec
os
ys
te
m
ap
pr
oa
ch
is
in
te
gr
at
io
n.
No
si
ng
le
ag
en
cy
or
or
ga
ni
za
ti
on
ca
n
pr
es
en
tl
y
la
y
cl
ai
m
to
fo
ll
ow
in
g
an
ec
os
ys
te
m
ap
pr
oa
ch
be
ca
us
e,
by
de
fi
ni
ti
on
,
th
e
ap
pr
oa
ch
calls for orchestration.
Th
e
Bo
ar
d
be
li
ev
es
th
at
th
e
ec
os
ys
te
m
ap
pr
oa
ch
mu
st
be
in
it
ia
te
d
no
w
an
d
re
co
gn
iz
es
th
at
fu
ll
im
pl
em
en
ta
ti
on
wi
ll
be
a
lo
ng
pr
oc
es
s.
Th
e
Pa
rt
ie
s
an
d
th
e
Co
mm
is
si
on
ha
ve
al
re
ad
y
cr
ea
te
d
a
nu
mb
er
of
ec
os
ys
te
m
pr
ec
ed
en
ts
.
In
fu
rt
he
r
ev
ol
ut
io
n
we
be
li
ev
e
it
wi
ll
be
es
se
nt
ia
l
fo
r
th
e
Pa
rt
ie
s
an
d
fo
r
th
e
St
at
e
an
d
Pr
ov
in
ci
al
Go
ve
rn
me
nt
s
to
de
mo
ns
tr
at
e
th
ei
r
jo
in
t
ab
il
it
y,
ev
en
if
no
w
un
re
co
gn
iz
ed
,
to
im
pl
em
en
t
th
e
ec
os
ys
te
m
ap
pr
oa
ch
in
on
e
or
mo
re
tr
an
s—
bo
un
da
ry
pr
ob
le
ms
of
co
mm
on
an
d
cu
rr
en
t
co
nc
er
n;
an
d
fo
r
th
e
Co
mm
is
si
on
to
de
mo
ns
tr
at
e
it
s
ab
il
it
y
in
co
or
di
na
ti
ng
th
e
ec
os
ys
te
m
ap
pr
oa
ch
fo
r
th
e
Ba
si
n
as
a
wh
ol
e.
Th
e
Bo
ar
d
is
no
t
in
a
po
si
ti
on
to
sa
y
wh
at
th
e
ap
pr
op
ri
at
e
in
st
it
ut
io
na
l
ar
ra
ng
em
en
ts
sh
ou
ld
be
fo
r
th
is
or
th
e
to
ta
li
ty
of
in
te
re
st
s
th
at
ne
ed
to
be
pu
ll
ed
to
ge
th
er
.
Ho
we
ve
r,
it
is
cl
ea
r
th
at
ev
er
yt
hi
ng
ca
nn
ot
32
 be done all at once in what is essentially a learning process. We suggest
that one area be selected for thorough attack. Among possible contenders for
implementation are: acid rain and other airborn pollutants, nutrient
management and toxic substances. Each of these now exhibits some aspects of
an ecosystem approach, yet does not constitute an ecosystem approach in all
ramifications. Nutrient management, for example, applies only to phosphorus;
and even for phosphorus, recycling is limited because of heavy metal contamin-
ation of sewage and other factors. In most respects, phosphorus "management"
begins in the sewage treatment plant and ends in the receiving water.
The Board believes that integration of management activities over the
short term has generally been good in the Basin. The need now is to take
better account of Ecosystem factors that are "long" in space and time such as
stressors, carrying capacity, atmospheric transport and future generations.
There is a need for common policy by the Parties on the ecosystem approach as
proposed in this Report. Federal, State and Provincial agencies in the Basin
could advantageously begin identifying problems and areas within their juris—
dictions that would further the development of the ecosystem approach.
To implement, fully, an ecosystem approach to the resolution of trans-
boundary problems, new legislation is needed. The Boundary Waters Treaty of
1909 makes reference to transboundary injury to health or property, but not
to injury to those parts of the biosphere on which man depends that are
"wild." The Treaty fails to recognize that water is not the only vehicle for
transboundary injury to health or property. The Water Quality Agreement of
1972 requires major modification to replace it with an agreement based on
concepts of "man—in" and the Ecosystem.
The
firs
t ne
ed
ther
efor
e is
for
the
Part
ies
to r
ecog
nize
the
ecos
yste
m
appr
oach
as p
olic
y by
exte
ndin
g or
amen
ding
the
Boun
dary
Wate
rs T
reat
y of
190
9 a
nd
the
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt
of
197
2 i
n a
cco
rda
nce
wit
h
thi
s R
epo
rt.
The
sec
ond
act
ion
of
the
Par
tie
s a
nd
the
Com
mis
sio
n w
oul
d b
e t
o
rev
iew
the
ter
ms
of
ref
ere
nce
and
org
ani
zat
ion
of
the
Com
mis
sio
n's
Gre
at
Lak
es
Bas
in
ins
tit
uti
ons
so
as
to
ref
lec
t a
n e
cos
yst
em
app
roa
ch.
Thi
rdl
y,
a
nee
d i
s f
ore
see
n t
o a
ttr
act
a m
ajo
r p
ubl
ic
int
ere
st
to
the
con
cep
ts
of
"ec
o—
sys
tem
"
and
"bi
osp
her
e"
fro
m
all
lev
els
of
soc
iet
y
usi
ng
ava
ila
ble
ins
tit
uti
ons
and
med
ia.
The
acc
ent
sho
uld
be
on
tur
nin
g "
hid
den
" c
ost
s,
inc
lud
ing
tho
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 The boundary waters approach of the Boundary Waters Treatyof 1909 and
the water quality objectives approachof the Great Lakes Water Quality
Agreement of 1972 are inadequate, alone, to ensure the intent of Article
IV of the Boundary WatersTreaty that "boundary waters and waters
flowing across the boundary shall not be polluted on either side to the
injury of health or property on the other."
Adoption of an ecosystem approach by the Parties and the International
Joint Commission in the Great Lakes Basin will provide a sounder basis
than is currently available for prevention of transboundary injury to
health or property. Definite economic and societal advantages will
accrue to the Parties separately and jointly, from adoption of an
ecosystem approach to problem identification, research, and management
in the Great Lakes Basin.
The role of the International Joint Commission and its institutions in
advising the Parties on transboundary problems in the Great Lakes Basin
will be enhanced if the Parties augment the present water perspective in
the Boundary Waters Treaty of 1909 and Great Lakes Water Quality Agreement
of 1972 in accordance with the ecosystem approach advocated in this
Report.
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INTERNATIONAL JOINT COMMISSION
UNITED STATES AND CANADA
WASHINGTON. D.c. zouo
March 17, 1978
Dr. Donald I. Mount
Chairman, United States Section
Great Lakes Research Advisory Board
Duluth, Minnesota 55804
OUR FILE: 200-7—11
Dear Dr. Mount:
Further to the Commission's review of the 1976 Annual
Report of the Research Advisory Board, there are two
subjects on which the Commission would appreciate
clarification and further advice from the Board.
(1) Ecosystem Approach
 
The Commission recognizes that the ecosystem
approach, as outlined by the Board in its 1977
Annual Report, may provide significant benefits
to the long—term management of the Great Lakes.
There is some concern, however, that without
qualification, a broad system approach would
divert attention from a concerted effort to
restore water quality on the basis of water
quality objectives. In the Commission's
view, the revised water quality objectives
which have been recommended to Governments
should continue to serve as the keystone
of the Water Quality Agreement, that is, as
minimum goals to remedial programs or as
constraints in higher quality waters.
In further consideration of the ecosystem
concept, the Commission wishes to assess the
scope and implications of such an approach
before making specific recommendations to
Governments. The Commission understands that
the Board has also given this matter further
consideration and plans to submit a more
...2
 
  
_2_
detailed analysis of the concept and means of
implementing it. In preparing such an analysis,
the Commission requests the Board to assess
and advise on (i) any difficulties involved in
melding the ecosystem and water quality objectives
approaches, (ii) practical means of implementing
the combined concept and (iii) research needs
and whether such needs relate to data, management
techniques, or other aspects.
(2) Biological and Near—Shore Monitoring
 
The Commission has noted the Board's concern
"that there is still not adequate funding to
support" the Great Lakes Surveillance Program
and additional support is required for the
evaluation of near—shore areas and biological
monitoring. The Water Quality Board, on the
other hand, has advised that "Governments are
providing adequate funding as required in the
current Great Lakes International Surveillance
Plan for point source monitoring". Further,
the Commission notes that the Annual Reportof
the Surveillance Subcommittee, Appendix B, of
the Water Quality Board's Fifth Annual Report,
makes provision for biological and near—shore
monitoring. Therefore, it is not clear to the
Commission whether a serious problem remains
concerning biological and near—shore monitoring
and whether any such problem lies in the adequacy
of the Surveillance Plan itself, or of funding
in support of the Surveillance Program. The
Commission is aware of potential cuts in its
Great Lakes surveillance programsif the FY 1979
EPA budget now being considered by Congress is
approved.
The Board is requested to advise the Commission,
following consultation as appropriate with the
Water Quality Board, on these questions and, if the
problem remains, on the specific requirements for
further biological and near—shore monitoring in
terms of both the types of data lacking and
additional funding needs.
 -3-
The
Board
is
requested
to
provide
advice
to
the
Commission on these matters as soon as possible and,
in
any event,
by the
next Annual
Report of the Research
Advisory Board.
Finally, the Commission has informed that the Board
has reassessed its proposal for a study of phosphorus
management strategies, taking into account the concerns
of the Water Quality Board. The Commission has noted
and concurs with the revised Terms of Reference for the
Task Force's investigation.
A similar letter is being sent to the Canadian
Chairman of the Great Lakes Research Advisory Board by
the Secretary of the Canadian Section of the Commission.
Sincerely,
a
William A. Bullard
Secretary, U. S. Section
WABzdrs
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A MINI-GLOSSARY OF TERMS USED IN “THE ECOSYSTEM APPROACH"
Acid Rain - Precipitation carrying sulfuric acid, originating from sulfur
oxides in the burning of fossil fuels; causes corrosion of metals and
acidification of softwater lakes.
Biosphere - The outer sphere of the Earth inhabited by living organisms; the
interacting system composed of air, natural waters, minerals and living
organisms, including MAN. The term was coined by the Austrian geographer,
Eduard Suess, in l875.
Boundary Waters - Waters from main shore to main shore along which passes the
International Boundary between Canada and the United States, including
bays but not including tributary waters.
Carrying Capacity — The maximum population of humans or other organisms sus-
tainable in an ecosystem under a given set of conditions, varying with the
conditions and life styles of the people.
Demophoric — Expresses the combined biological and technological metabolism of
MAN in consumption of resources and production of wastes; coined by two
Canadians in l972 - Dr. Jack Vallentyne of the Canada Centre for Inland
Waters and Dr. H. L. Tracy of Univ. of Guelph.
Ecosystem - An ecological system; any unit of nature in which living organisms
and non-living substances interact - a lake, a drainage basin with or
without MAN, an aquarium, are examples.
Ecosystem Approach - The view of the Great Lakes Basin as an Ecosystem, in bio-
spheric perspective; encompassing all interations within this Ecosystem,
and transport of materials in and out via air as well as waters, by
migratory species and by international transport.
Great Lakes Basin Ecosystem - The interacting components of air, water,
minerals and living organisms, including MAN, in the drainage basin of the
St. Lawrence River upstream from the point at which it becomes the
International Boundary between the United States and Canada.
Environment - Everything external to a living organism, or aggregation of such
living organisms, on which they depend for growth and reproduction. Term
used in many different ways - e.g. "wild" environment, "urban"
environment, “physical” environment; you can discharge to your
environment, but only in the ecosystem in which you live.
Hidden Costs - Costs that we do not realize that we are paying and that are
largely or totally MAN-caused - e.g. hay fever from ragweed pollen,
dredging of harbors and channels to remove MAN-made products of erosion
upstream, damage from road salt to cars, acid rain.
Stressors - Stressing faCtors on the environment such as the rate of population
growth and increasing per capita rates of consumption of resources
(affluence), causing resource depletion and increasing levels of pollution.
Water Quality Approach - In contrast to the Ecosytem Approach, an approach
which sets objectives not to be exceeded for certain chemicals in water,
based on the most sensitive uses of water. This approach does not take
full account of interactions within the ecosystems or of stressors
external to water.
NOTE: These w0rds and terms are but a few of those with which ordinary
' citizens must becomefamiliar in North America. Some of them have
already achieved common usage, perhaps not yet accompanied by general
understanding of their impact on attitudes, behaviour and life
styles. Where our ancestors lived in harmony with Nature, modern,
technological man has tended to regard himself as the Master of
Nature and apart from it.
